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Abstract 


This  study  develops  a  computer  simulation  model  of  manned  and 
unmanned  penetrators  in  a  strategic  scenario  in  order  to  evaluate  the 
effects  of  various  force  mix  combinations  of  cruise  missiles  and  manned 
bombers.  The  model  is  largely  based  on  three  generations  of  strategic 
weapons  to  be  used  in  a  strategic  conflict.  In  general  the  model  uses 
data  based  on  current,  projected,  and  future  technological  developments 
in  the  areas  of  strategic  penetrators  and  uses  this  data  to  measure  the 
synergistic  effects  of  various  combined  manned/unmanned  penetrator  strike 
forces  in  terms  of  survivability  and  the  ability  to  inflict  the  required 
level  of  damage  to  the  enemy  target  base.  The  model,  called  DILUTE,  is 
written  in  SLAM,  using  extensive  FORTRAN  Inserts  and  is  designed  to 
allow  for  considerable  flexibility  and  user  control. 

The  experimental  design  uses  a  full  factorial  design  with  three 
factors:  radar  cross  section,  speed,  and  force  mix.  These  factors  are 
analyzed  for  significant  effects  on  the  value  average  probability  of 
damage.  In  using  an  analysis  of  variance  the  three  factors  were  found 
to  be  significant. 

The  results  of  the  study  Indicated  that  significant  differences 
do  exist  between  force  mix  combinations  of  ALCM  and  manned  penetrators, 
however  the  results  are  highly  dependent  upon  the  factors  of  radar 
cross  section  and  speed.  Bomber  survivability  against  peripheral  def¬ 
enses  of  surface  to  air  missile  threats  can  be  significantly  enhanced 
If  the  bombers  are  used  In  concert  with  cruise  missiles  due  to  the  def- 

vlli 


ense  dilution  aspect  of  the  ALCM.  The  same  effect  was  determined  In  the 
airborne  interceptor  threat,  as  long  as  the  airborne  Interceptor  had  a 
reasonable  chance  of  detecting  the  ALCM.  Enhancement  of  bomber  sur¬ 
vivability  by  ALCM  dilution  at  the  terminal  surface  to  air  missile 
threat  was  determined  not  to  be  statistically  significant  at  the  1% 
level.  Additionally,  it  was  realized  that  pure  forces  dominate  mixed 
forces;  the  dominant  characteristics  being  electronic  countermeasures 
for  the  bomber  and  saturation  for  the  ALCM.  Finally,  the  decisions  on 
force  mix  are  heavily  dependent  upon  radar  cross  section  and  speed  im¬ 
provements,  with  the  manned  penetrator  being  a  much  more  effective 
weapon  system  than  the  ALCM  when  technological  improvements  in  speed 
and  radar  cross  section  are  employed. 


i 
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DILUTE:  A  MINI-CAMPAIGN  SIMULATION  MODEL  TO 
ANALYZE  STRATEGIC  PENETRATION  OF  VARIOUS 
FORCE  MIX  COMBINATIONS  OF  CRUISE  MISSILES 
AND  MANNED  PENETRATORS 


I.  Introduction 


Background 

The  continual  research  and  development  of  Soviet  air  defenses  poses 
a  significant  challenge  to  military  planners.  Our  strategic  bombers 
continue  to  be  an  effective  component  of  the  TRIAD,  however  their  use¬ 
fulness  against  heavily  defended  strategic  targets  becomes  questionable 
as  the  number  of  Soviet  manned  Interceptors  and  GCI  sites  multiply,  and 
new  defensive  systems  are  phased  in. 

The  strategic  mission  of  our  bomber  force  is  to  penetrate  Soviet 
defenses  at  low  altitudes  avoiding  known  and  suspected  defenses  and 
strike  their  assigned  targets.  The  agency  responsible  for  strategic 
nuclear  weapon  targeting  is  the  Joint  Strategic  Target  Planning  Staff 
(JSTPS).  In  broad  terms  the  JSTPS  uses  three  Inputs  In  generating  the 
Single  Integrated  Operations  Plan  (SIOP)  (Ref  1:40).  First  is  the  gui¬ 
dance  that  is  levied  upon  them  from  the  Joint  Chiefs  of  Staff  (JCS). 

The  SIOP  is  merely  the  plan  that  puts  into  action  JCS  broad  term  goals 
and  strategy. 

The  second  Input  is  the  force  structure  that  the  JSTPS  may  use  in 
plan  development.  Each  Commander-in-chief  (CINC)  of  the  Unified  and 
Specified  Commands  has  requirements  to  commit  certain  forces  to  JSTPS 
In  support  of  the  SIOP. 

The  third  Input  Is  Intelligence  data  gathered  from  all  civilian 
and  military  resources.  From  this  data  potential  targets  are  selected. 
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categorized,  and  prioritized  In  accordance  with  JCS  guidelines. 

Within  the  JSTPS  there  are  two  main  divisions  responsible  for  plan 
development.  The  NSTL  (National  Strategic  Target  List)  Division  issues 
the  National  Strategic  Target  Base  (MSTB)  which  describes  and  categor¬ 
izes  all  potential  targets.  It  is  from  this  list  that  targets  are  grouped 
into  complexes,  and  from  which  aimpoints,  or  Designated  Ground  Zeros 
(DGZs)  are  selected.  The  SIOP  division  then  applies  the  forces  commit¬ 
ted  to  the  SIOP,  assigning  the  delivery  vehicle/weapon  combination  on 
the  DGZs  (Ref  1:44).  In  assigning  each  sortie,  whether  ICBM,  SLBM, 
bomber,  or  cruise  missile,  the  SIOP  division  uses  JCS  planning  factors 
In  determining  Prelaunch  Survivability  (PLS),  Weapon  System  Reliability 
(WSR),  and  Probability  to  Penetrate  (PTP). 

The  four  phases  of  a  strategic  mission  profile  are  prelaunch,  en- 
route,  forward  air  defense  (may  include  Airborne  Warning  and  Control 
System  (AWACS)  aircraft),  and  in-country  penetration. 

The  prelaunch  phaset  consists  of  those  surviving  bombers  launching 
from  CONUS  bases  who  proceed  enroute  to  their  assigned  targets.  Sur¬ 
viving  bombers  are  air  refueled  by  surviving  tanker  aircraft  to  give  the 
bomber  the  distance  needed  to  get  to  his  assigned  target,  which  may  lie 
deep  Inside  enemy  territory.  The  Forward  Air  Defense  (FAD),  usually 
located  outside  of  the  enemy's  target  area,  consists  of  AWACS  aircraft 
which  vector  fighter  Interceptors  to  the  penetrators  before  the  penetra- 
tor  has  the  opportunity  to  penetrate  in-country.  Finally,  the  In-country 
phase  Is  where  the  penetrator  can  expect  to  encounter  Early  Warning  (EW) 
and  Ground  Controlled  Intercept  (GCI)  radars  as  well  as  Surface  to  Air 
Missile  (SAM)  sites  and  fighter  Airborne  Interceptors  (AI).  This  study 


considers  only  the  In-country  penetration  phase  of  a  strategic  scenario. 
The  study  Implies  that  the  penetrators  are  those  that  have  survived  (with 
no  degradation)  the  previous  three  phases.  Once  the  penetrator  Is  In¬ 
country,  the  air  battle  begins  with  the  Interaction  of  bombers  and  cruise 
missiles  over  the  enemy's  defended  air  space. 

Our  current  manned  penetrator,  although  large  in  visual,  IR,  and 
RCS  signatures  can  react  to  enemy  threats  with  electronic  countermeas¬ 
ures  (ECM)  and  maneuvers.  The  manned  bomber  also  has  a  limited  stand¬ 
off  capability  with  the  Short  Range  Attack  Missile  (SRAM).  However, 

Its  existence  since  the  1950's  concerns  our  leaders  as  to  whether  It 
can  still  retain  the  flexibility  and  vitality  of  the  air  breathing  leg 
of  the  strategic  TRIAD. 

A  steady  and  sustained  Increase  In  Soviet  military  strength  is 
undeniable.  Soviet  strategic  forces  have  grown  from  a  position  of  clear 
Inferiority  In  the  mid-1960's  to  one  of  rough  strategic  parity  with  the 
United  States  (Ref  2:7).  They  have  also  complemented  their  numerical 
superiority  with  marked  qualitative  Improvements  In  nearly  every  aspect 
of  combat  capability. 

This  raises  the  question  whether  or  not  our  existing  bomber  fleet 
Is  capable  of  penetrating  large  numbers  of  new,  advanced  Soviet  defen¬ 
sive  systems.  If  one  concludes  that  a  manned  penetrator  Is  still  an 
effective  strategic  weapon  system  and  a  viable  strategic  deterrent,  then 
the  question  remains  how  to  effectively  use  this  weapon  system  to  Inflict 
unacceptable  levels  of  damage  to  the  enemy's  target  base. 

An  important  addition  to  the  future  United  States  strategic  bomber, 
force  Is  the  Air  Launched  Cruise  Missile  (ALCM).  This  missile  will  pro- 


vide  the  United  States  with  a  mixed  standoff/ penetrate  force  which  will 
complicate  Soviet  defenses  by  saturating  ground  and  air  based  defensive 
systems.  The  ALCM  will  supplement  the  penetrating  bomber  and  will  have 
the  capability  to  damage  or  destroy  both  soft  and  hard  strategic  targets. 
The  current  generation  cruise  missile  is  a  weapon  system  design  consist¬ 
ing  of  a  small  radar  cross  section  (RCS),  with  speeds  approximating  mach 
.6,  and  capable  of  delivering  a  weapon  within  a  few  feet  of  a  OGZ.  The 
cruise  missile  can  be  launched  by  bombers  penetrating  Soviet  defenses 
or  by  bombers  entirely  outside  of  the  defenses.  The  problem  facing  our 
military  planners  today  Is  how  to  effectively  employ  this  new  strategic 
weapon  system.  This  thesis  effort  Is  designed  to  study  the  effects  of 
different  force  mixes  of  bombers  and  cruise  missiles  in  a  strategic 
penetration  of  the  Soviet  land  mass. 

Problem  Statement 

The  problem.  In  general  terms,  is  to  measure  the  synergistic  effects 
of  a  combined  manned/unmanned  penetrator  strike  force  in  terms  of  survlvab 
111 ty  and  the  ability  to  Inflict  the  required  damage  level  to  the  enemy 
target  base.  Specifically,  the  measurement  of  the  relative  effectiveness 
of  the  combined  bomber /ALCM  force  Is  reduced  to  the  following  subproblems: 

1.  Is  there  a  significant  difference  between  force  mix  combin¬ 
ations  of  ALCMs  and  bombers  In  terms  of  damage  Inflicted  on  the 
enemy  target  base? 

2.  Is  there  a  significant  difference  In  the  survivability  of  the 
bomber  force  when  interspersed  with  a  force  of  penetrating  cruise 
missiles? 

3.  Does  one  weapon  system  dominate  the  other? 

4.  Are  the  answers  to  the  above  questions  dependent  upon  future 
technological  advancements  In  penetrator  speed  and  radar  cross 
section? 
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Objectives 

The  objective  of  this  thesis  Is  to  develop  a  computer  model  which 
will  measure  the  survivability  and  the  damage  Inflicting  capability  of 
a  combined  strategic  strike  force.  The  model  will  be  used  as  the  source 
for  data  Inputs  Into  a  statistical  experimental  design  which  will: 

1.  Test  for  significant  differences  in  damage  effectiveness  be¬ 
tween  different  force  mix  combinations. 

2.  Test  for  significant  differences  in  bomber  survivability  be¬ 
tween  different  force  mix  combinations. 

3.  Test  for  overall  dominance  of  one  weapon  system  over  the  other. 

4.  Be  able  to  perform  sensitivity  analysis  on  the  factors  of  Speed 
and  RCS  in  order  to  determine  if  technological  improvements  In 
these  areas  will  change  the  results  of  the  tests  performed  above. 

Problem  Assessment 

The  process  of  developing  a  plan  for  strategic  attack  can  be  divided 
Into  four  parts:  (1)  Identifying  and  selecting  strategic  targets;  (2) 
ranking  these  targets  In  order  of  priority;  (3)  designating  the  appro¬ 
priate  attack  weapons  against  the  targets;  (4)  developing  the  attack 
timing  structure  (Ref  3:16). 

The  purpose  of  the  plan  Is  to  insure  that  maximum  damage  Is  inflic¬ 
ted  upon  the  enemy.  The  factors  that  impact  upon  the  term  "damage"  are 
represented  conceptually  In  the  Causal  Loop  Diagram  shown  In  Figure  1. 

The  system  of  +'s  and  -'s  represent  direct  or  inverse  relationships 
between  the  factors. 

A  measure  of  effectiveness  used  In  determining  damage  levels  Is 
called  Damage  Expectancy  (DE).  DE  Is  the  multiplicative  probability  of 
several  Independent  events  and  is  defined  by  the  following  equation: 
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Figure  1.  Causal  Coop  Diagram 


OE  =  PLS  x  WSR  x  PTP  x  PD 


(1) 


where: 

PLS*  Prelaunch  Survivability 
WSR*  Weapon  System  Reliability 
PTP*  Probability  to  Penetrate 
PD  *  Probability  of  Damage 

The  first  three  terms  comprise  the  concept  of  weapon  arrival  to  the  tar¬ 
get  "area"  and  fuzing  as  designed.  PTP  Is  represented  in  the  Causal 
Loop  Diagram  as  Survivability.  The  last  term,  PD,  represents  the  con¬ 
cept  of  Inflicting  a  quantifiable  (via  blast,  overpressure,  or  gust) 
damage  criterion  to  the  target  and  Is  represented  In  the  diagram  as  a 
function  of  target  hardness,  weapon  yield,  and  weapon  Circular  Error 
Probable  (CEP). 

DE  Is  then  weighted  for  the  value  of  the  target.  The  method  used 
to  categorize  and  assign  values  to  targets  Is  called  significance  anal¬ 
ysis  (Ref  3:19).  The  method  Involves  ranking  Installations  within  var¬ 
ious  categories  by  their  value  to  the  enemy  and  their  value  to  the  United 
States  in  terms  of  the  degree  to  which  elimination  of  the  particular  tar¬ 
get  meets  national  security  objectives.  Target  value  can  be  assumed  to 

be  proportional  to  the  level  that  the  target  Is  defended.  When  the 

defense  deploys  In  proportion  to  value  then  the  number  of  defenders 

per  unit  target  value  Is  constant  (Ref  4:75).  For  this  analysis  It  Is 
assumed  that  all  targets  have  equal  value,  thus  they  are  equally  defended 
and  are  all  of  the  same tesrdness .  Thus,  In  terms  of  relative  effectiveness, 
the  measure  of  effectiveness  can  be  expressed  just  In  terms  of  PD.  This 
measure  of  effectiveness  will  be  termed  Value  Averaged  Probability  of 
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Damage  (VAPD)  and  will  be  defined  as  the  proportion  of  the  value  of  the 
enemy  target  base  destroyed. 

As  shown  In  Figure  1,  the  strategy  of  defense  supresslon  reduces 
the  level  of  defenses.  However,  the  price  of  this  strategy  Is  In  the 
sacrifice  of  weapons  which  could  have  been  allocated  to  the  target  base. 
A  strategy  of  saturation  by  penetrating  within  a  small  number  of  corrid¬ 
ors  and  with  Increasing  arrival  rates  tends  to  increase  survival  prob¬ 
abilities  (Ref  4:128),  (Ref  5:64).  The  factors  of  RCS,  Altitude,  and 
Terrain  affect  the  ability  of  the  defense  to  detect  the  penetrator. 

Once  detected,  ECM,  Speed,  and  Maneuvers  may  be  employed  to  negate  the 
opportunity  for  successful  engagement. 

Methodology 

As  problems  become  more  complex  the  need  for  a  conceptual  frame¬ 
work  both  for  the  problem  definition  and  for  Its  solution  becomes  more 
acute.  The  system  science  paradigm  found  In  Schoderbek,  Schoderbek, 
and  Kefalas  (SSK),  "Management  Systems"  was  Instrumental  in  developing 
an  approach  to  capture  the  complexities  of  modeling  a  strategic  penetra¬ 
tion  with  various  force  mix  combinations  of  manned  and  unmanned  penetra- 
tors.  The  system  science  paradigm  consists  of  three  phases:  (1)  Con¬ 
ceptualization,  (2)  Analysis  and  Measurement,  (3)  Computerization. 

Conceptualization.  The  conceptualization  phase  consists  of  under¬ 
standing  the  problem  at  hand,  identifying  the  basic  elements  of  the  prob¬ 
lem,  breaking  out  these  elements  and  defining  their  Internal  operation, 
then  focusing  on  the  Interactions,  and  finally  designing  a  model  which 
will  effectively  capture  these  Interactions.  These  steps  are  summar¬ 
ized  in  Figure  2. 
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DEFINE  THE  PROBLEM 


Figure  2.  Conceptual  Flow  Diagram 


Analysis  and  Measurement.  In  order  to  begin  to  measure  these  inter¬ 


actions  the  model  must  be  quantified.  In  other  words,  some  numerical 
relationships  must  be  developed.  These  mathematical  relationships  form 
a  parametric  model,  which  is  the  goal  of  the  Analysis  and  Measurement 
phase.  The  understanding  of  the  systems  developed  in  the  conceptualiza¬ 
tion  phase  of  systems  thinking  is  vital  for  the  development  of  the  par¬ 
ametric  or  mathematical  model . 

Computerization.  In  developing  a  model  to  help  solve  the  problem 
one  needs  to  keep  In  mind  that  the  model  is  a  representation  of  the  real 
world  phenomenon  but  with  much  less  detail.  A  model  Includes  only  those 
factors  or  elements  that  are  absolutely  necessary  for  a  rough  descrip¬ 
tion  of  the  real  world.  However  this  does  not  imply  that  a  model  must 
be  simple.  As  stated  In  Schoderbek,  Schoderbeck,  and  Kefalas  (Ref  6:284): 

"The  apparent  simplicity  involved  in  the  modeling 
process  is  only  of  a  temporary  nature.  It  Is  used 
as  a  means  of  comprehending  the  complexity  Inherent 
in  the  (real  world).  The  ultimate  'system'  which 
will  be  used  to  deal  with  the  real  world  situation 
must  be  as  complex  as  the  real  phenomenon...  That  is, 
of  course,  dictated  by  the  universal  Jaw  j f _ requ 1 site 
variety:  one  deals  with  complexity  through  complexity." 

The  complex  real  world  phenomenon  in  this  study  Involves  numerous  sto¬ 
chastic  processes  Including  arrival  rates,  courses  flown,  weapon  impacts, 
weapon  effects,  levels  of  target  destruction,  defense  suppression,  defender 
reactions,  and  defense  saturation,  exhaustion,  and  elimination.  Simulation 
modeling  was  chose  Instead  of  closed  form  analytical  solutions  because 
simulation  better  captures  the  synergism  of  different  offensive  weapon 
systems  Interacting  In  a  battle  area  with  a  dynamic  defense  environment. 


SLAM  (Simulation  Language  for  Alternative  Modeling)  was  chosen  because 
it  provides  a  highly  flexible  modeling  framework  of  graphical  models 
that  are  easily  translated  into  input  statements  for  direct  computer 
processing.  The  SLAM  structural  model  is  composed  of  a  network  structure 
that  supports  discrete  event  orientations,  along  with  event  oriented 
FORTRAN  subroutines.  The  SLAM  processor  is  FORTRAN  based  and  can  support 
extensive  user  written  FORTRAN  subroutines  to  enhance  the  SLAM  structural 
model.  The  SLAM  structural  model  is  presented  in  Appendix  A. 


Scope 

To  say  that  the  scope  of  this  problem  Is  massive  is  an  understate¬ 
ment  for  there  are  thousands  upon  thousands  of  potential  targets  scattered 
over  millions  of  square  miles  of  land  mass  (Ref  2:19).  To  limit  the  size 
and  scope  of  the  model  while  still  providing  an  adequate  representation 
of  the  real  world  phenomenon  some  major  assumptions  were  made: 


1.  The  target  base  consists  of  200  highly  valued,  terminally 
defended  targets  concentrated  in  an  area  encompassing  approx¬ 
imately  60,000  square  nautical  miles. 

2.  All  targets  are  of  equal  value  and  equally  defended. 

The  target  hardness  Is  fixed  to  that  of  a  13Q7  DIA  Green- 
book  target. 

3.  A  major  portion  of  the  defense  suppression  effort  is  con¬ 
sidered  to  have  already  been  accomplished.  Thus  the  defenses 
remaining  are  those  defenses  after  the  suppression  dedicated 
weapons  have  been  expended. 

4.  The  weapon  to  target  ratio  Is  2:1. 

5.  The  bomber  can  employ  ECM  and  maneuvering  techniques  while 
the  ALCM  cannot. 

6.  There  will  be  only  one  type  SAM  system  which  will  be  an 
hypothesized  future  generation,  mobile  SAM  referred  to  as 
the  SA-X. 

7.  The  AI  threat  will  be  an  hypothesized  future  generation 
fighter  with  an  advanced  LDSD  capability. 
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This  study  does  not  Include  tactical  SAM  systems  or  AAA.  These  systems 
are  deployed  with  Soviet  ground  armies  and  are  not  expected  to  be  a  slg- 
nlflcant  factor  In  a  strategic  penetration  scenario.  (Ref  7),  (Ref  8). 
Tlelng  together  the  objectives  of  this  study,  the  conceptual  framework, 
and  the  methodologies,  one  can  represent  the  system  being  studied  In  the 
form  of  a  structural  model  shown  In  Figure  3. 

Structural  Model 

In  developing  the  structural  model,  consideration  was  given  to  the 
number  of  targets,  the  size  of  the  land  mass,  and  the  defense  levels. 

In  a  previous  study  of  manned  penetrators  and  cruise  missiles  (Ref  9:17) 
the  variance  of  he  response  variables  fluctuated  excessively  from  one 
force  mix  size  to  another.  In  order  to  obtain  more  run  to  run  variance 
stability,  runs  were  accomplished  using  larger  numbers  of  penetrators. 
From  this  study  It  Is  estimated  that  a  force  size  of  at  least  40  manned 
bombers  was  necessary  to  provide  a  minimum  force  size  for  evaluation  of 
the  Interactions  and  to  provide  a  more  stable  variance.  A  typical  weapon 
load  for  a  bomber  Is  considered  to  be  10  weapons  comprised  of  4  gravity 
bombs  and  six  SRAM.  Thus  this  force  has  400  offensive  weapons.  Other 
force  mixes  will  be  combinations  of  bombers  and  ALCMs  which  also  yield 
400  weapons. 

As  previously  stated,  a  2:1  weapon  to  target  ratio  is  assumed. 

Therefore  there  will  be  200  DGZs  in  the  target  base.  A  DGZ  density  of 
o 

300nm  per  D6Z  was  considered  to  be  representative  of  a  dense  target 

2 

environment.  To  support  200  OGZs  a  60,000nm  land  mass  Is  required. 

The  principle  of  concentration  of  force  was  used  In  establishing 
two  entry  corridors  in  an  attempt  to  saturate  the  BSAM.  Once  passed  the 


Structural  Model 


BSAM  the  penetrator  enters  the  AI  area.  In  this  area  are  the  GCI/C^ 
facilities.  A  GCI  site  density  150  per  million  square  kilometers  was 
used.  Therefore  the  model  begins  with  25  sites.  Of  these  25  sites  20 

3 

are  targeted.  This  GCI/C  target  group  will  be  referred  to  as  Zone  1 
targets  and  are  not  differentiated  by  corridor. 

The  terminally  defended  target  zones  are  located  following  the 
Zone  1  target  group.  Penetrators  entering  from  corridor  one  fly  rep¬ 
resentative  distances  to  Zones  2  and  3  on  the  left  side  of  the  map  and 
to  Zone  4  In  the  middle.  Penetrators  entering  corridor  two  fly  to  their 
respective  Zones  2  and  3  on  the  right  side  and  to  Zone  4  In  the  middle. 
Zone  4  merges  the  two  corridors  and  supports  twice  the  number  of  targets 
(and  twice  the  defenses)  as  Zones  2  or  3.  The  following  Is  the  target 
distribution  by  zone: 

TGTS 
Zone  1  20 

*  Zone  2  30/30 

*  Zone  3  30/30 
Zone  4  60 

*  one  In  each  corridor 

The  penetrator  Is  vulnerable  to  the  AI  threat  from  Zone  1  to  enter¬ 
ing  the  terminal  threat  area.  The  AI  threat  Is  comprised  of  50  fighters 
having  an  advanced  LDSD  capability.  Only  80%  of  these  fighters  are  con¬ 
sidered  mission  capable  and  able  to  engage  In  the  air  battle.  Any 
fighter  may  be  assigned  to  any  penetrator  regardless  of  corridor  entry. 
Zones  2  and  3  are  each  defended  by  one  SAM  site  while  Zone  4  is  defended 
by  two  SAM  sites. 
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Overview 

Explained  In  detail  In  the  remainder  of  this  thesis  is  the  model 
development,  the  simulation  structure,  the  analysis  of  results,  and 
conclusions.  More  specifically,  discussed  In  Chapter  II  are  the  compo¬ 
nents  and  concepts  Incorporated  In  the  model  development.  Discussed  in 
Chapter  III  are  the  concepts  incorporated  In  the  simulation  model. 
Discussed  In  Chapter  IV  Is  the  Experimental  Design.  Contained  in  Chap¬ 
ter  V  Is  the  Analysis  of  Results.  In  Chapter  VI  Is  the  Verification 
and  Validation  of  the  model.  Included  in  Chapter  VII  are  the  Conclusions 
and  Recommendations.  The  final  chapter.  Chapter  VIII,  discusses  possible 
Recommended  Areas  for  Further  Study. 
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The  model,  called  DILUTE,  was  developed  by  the  authors  to  help 
analyze  the  problems  stated  in  Chapter  I.  This  chapter  presents  the 
methodology  involved  in  developing  the  structure  for  DILUTE.  The  main 
components  of  this  structure  are:  penetrator  arrival  patterns,  penetra- 
tor  target  assignments,  defense  structure  to  include  both  SAM  and  AI, 
and  weapons  effects  calculations.  DILUTE  was  developed  in  a  building 
block  concept  similar  to  the  Advanced  Penetrator  Model  (APM)  (Ref  10:88). 
Figure  4  shows  the  main  blocks  of  DILUTE.  Each  block  was  developed 
separately  for  ease  of  verification.  This  chapter  will  present  the 
methodology  involved  in  developing  each  of  these  blocks. 

Arrival  Rates 

Minimum  feasible  interarrival  times  were  set  to  enhance  saturation 
effects.  Actual  arrival  times  are  stochastic  processes  due  to  inherent 
imperfections  in  the  systems  which  control  the  arrival  times.  Bomber 
interarrival  time  was  modeled  by  a  lognormal  distribution  with  a  mean 
of  3  minutes  and  a  standard  deviation  of  45  seconds.  A  lognormal  dis¬ 
tribution  was  chosen  because  its  median  is  less  than  its  mean  and  this 
is  typical  of  bomber  navigation  time  control  deviations.  An  exponential 
distribution  was  not  used  because  an  exponential  distribution  assumes 
large  variability  (Ref  11:31).  Three  minutes  was  chosen  as  represen¬ 
tative  of  planned  spacing  of  bombers  based  upon  current  Red  Flag  train¬ 
ing  excerclses. 

Since  ALCMs  have  preprogrammed,  fully  automated  navigational  sys¬ 
tems  their  arrival  pattern  was  modeled  by  a  normal  distribution  with 


Figure  4.  Modeling  Sequence  Diagram 


a  mean  of  .3  minutes  and  a  standard  deviation  of  IS  seconds.  Faster 
arrival  rates  are  justified  for  the  ALCM  because  It  Is  smaller,  more 
numerous,  and  has  a  more  accurate  navigational  system  allowing  for 
better  timing  precision. 

These  arrival  times  were  adjusted  for  different  force  mix  combin¬ 
ations  to  allow  for  proper  interspersing  of  the  forces.  As  an  example 
the  following  timing  plan  was  used  for  a  single  corridor  of  160  ALCMs 
and  four  bombers: 


* 

. 

48  36  28  20  12  0  TIME 

160  120  93  67  20  0  #  ALCMs 

In  system 

For  this  force  mix  the  bomber  force  was  delayed  12  minutes  at  each  cor¬ 
ridor  to  allow  some  ALCMs  to  enter  the  system.  Then  the  bomber  arrivals 
commenced  with  a  mean  time  between  arrivals  of  eight  minutes.  If  the 
bomber  arrival  pattern  had  not  been  adjusted  from  their  minimum  feasible 
values  then  all  four  bombers  would  have  entered  the  system  within  nine 
minutes  and  there  would  have  been  no  Interspersing  effects.  The  time 
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table  for  the  different  force  levels  is  shown  below.  Each  corridor 


follows  the  same  schedule: 


ALCM _ Bomber 


200  ALCM/  0  Bombers 

mean 

.3 

delay 

0. 

mean 

delay 

160  ALCM/  4  Bombers 

.3 

0. 

8. 

12. 

100  ALCM/  10  Bombers 

.3 

0. 

3. 

0. 

40  ALCM/  16  Bombers 

1.1 

2. 

3. 

0. 

0  ALCM/  20  Bombers 

- 

- 

3. 

0. 

These  were  the  timing  plans  used  for  the  different  force  mix  levels  in 
DILUTE.  The  next  section  describes  the  target  assignment  structure. 

Target  Assignments 

This  section  develops  the  mission  profiles  of  the  penetrators  and 
discusses  the  strategies  used  in  the  target  assignment  process.  To 
limit  the  realm  of  possible  strategies,  all  targets  are  equally  hard¬ 
ened,  valued,  and  defended.  While  the  Zone  1  targets  do  not  have  ded¬ 
icated  SAMs  defending  them,  they  may  be  considered  terminally  defended 
due  to  their  proximity  to  the  BSAM  (Ref  12:10). 

All  bombers  have  the  same  mission  profile.  Bombers  must  attempt 
to  penetrate  the  BSAM.  Each  bomber  is  assigned  a  gravity  weapon  release 
on  a  Zone  1  target.  An  advantage  of  the  bomber  is  Its  standoff  capab¬ 
ility  with  the  SRAM.  In  order  to  exploit  this  advantage,  the  bomber 
proceeds  to  Zone  2  and  Zone  3  but  does  not  need  to  penetrate  the  term¬ 
inal  defense.  The  SRAM  Is  launched  In  a  semi  ballistic  profile  for  max¬ 
imum  range  at  the  periphery  of  the  Terminal  SAM  (TSAM).  Each  bomber  is 
assigned  three  SRAMs  against  Zone  2  and  three  SRAMs  against  Zone  3. 

The  bomber's  remaining  gravity  weapons  are  targeted  In  Zone  4.  The 


bomber  must  penetrate  the  Zone  4  TSAM  to  deliver  the  gravity  weapons. 


Each  ALCM  is  assigned  one  target.  The  first  10£  of  the  ALCM  force 
is  targeted  in  Zone  1.  This  strategy  of  targeting  the  front  end  of  the 

3 

ALCM  force  at  the  GCI/C  sites  will  assist  those  lead  bombers  already 
in  the  AI  area  as  well  as  the  follow  on  ALCMs  because  the  mean  time  be¬ 
tween  AI  encounters  will  depend  upon  the  number  of  these  sites  that  have 
not  been  destroyed. 

Once  the  penetrators  are  assigned  to  their  respective  zones,  the 
individual  targets  are  assigned  to  each  penetrator  sequentially  based 
upon  the  type  of  penetrator  and  the  number  of  penetrators  that  have  en¬ 
tered  the  system. 

SAM  Encounter 

The  SA-X  is  a  mobile  SAM  system.  The  effect  on  the  offense  then 
is  that  pre- penetration  defense  suppression  cannot  be  planned  for  with 
certainty.  If  sites  are  attrlted,  the  other  sites  may  redeploy  to  cover 
the  gaps  created.  In  this  way  the  BSAM  Is  modeled  with  a  uniform  site 
density  of  one  site  every  30  nm  providing  continuous  peripheral  defense 
of  this  sector  of  land  mass.  TSAMs  are  similarly  deployed  with  one 
TSAM  protecting  30  DGZs.  Unlike  older  SAMs,  the  SA-X  has  three  launchers 
with  one  TTR  (Target  Tracking  Radar).  Three  targets  may  be  tracked 
simultaneously  and  the  launchers  may  track  separate  targets.  Thus  each 
site  may  simultaneously  engage  three  penetrators  which  complicates  the 
saturation  problem.  Each  launcher  has  a  capacity  of  four  missiles. 
Missiles  may  be  reloaded  from  ready  storage.  Missiles  are  stored  at 
the  sites  based  on  a  3:1  stockpile  to  launcher  loading. 

The  system  parameters  shown  below  were  used  In  modeling  the  SAM. 
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The  data  presented  here  Is  hypothetical  but  represents  a  close  enough 
approximation  of  an  Improved  SAM  system  to  perform  the  comparisons  neces 
sary  for  this  study.  For  an  explanation  of  the  terms  presented  below 
see  Table  1 . 

Pt  50  dBW 

Gt  43  dB 

Gp  40  dB 

N  18  dB 

kTQ  -144  dBW/MHz 

X  -16  dB 

Bt  8  dB 

L  12  dB 

The  following  were  the  operating  characteristics  modeled  for  the  SAM 
site. 

Missiles  per  launcher  4 

Launchers  per  site  3 

Missiles  In  ready  storage  36  per  site 

Time  for  lock  on  15  secs 

Time  between  launches  3  secs 

Reload  time  1  min  +  1  min  per  missile 

Maximum  forward  range  20  nm 

"  side  range  15  nm 

Minimum  range  5  nm 

Average  missile  velocity  2300  knots 
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Table  1 


This  table  contains  an  explanation  of  the  radar  system  terms  used  in 
describing  the  SAM  system. 

Pt  *  power  transmitted  In  decibels  above  1  watt 
Gt  *  effective  antenna  gain  in  transmit 
Gf  *  effective  antenna  gain  on  receive 
N  *  received  pulses  during  one  beamwidth 
k  *  Boltzman  constant  (1.38  x  10"17  MegaJoules/  °K) 

Tq  *  reference  temperature,  288  °K 
\  *  transmitter  wavelength 

Bt  *  transmitter  bandwlth  in  decibels  above  1  MHz 
L  ■  system  losses  due  to  non-coherent  integration  of  pulses 
R  «  range  in  meters 

S/Nmin  ■  the  minimum  signal  to  noise  ratio  required  for  target 
detection  where  S/N  Is  the  ratio  of  the  target  return 
power  to  the  system  noise  power. 

CT  *  target  radar  cross  section  (RCS)  in  square  meters 
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The  remainder  of  this  section  will  discuss  the  following  areas  concern¬ 
ing  the  SAM  encounter: 

Detection 

Launcher  Assignments 
CEP  Determination 
Target  Kill 
Engagement  Sequence 

Detection.  The  detection  of  a  penetrator  by  early  warning  and 
search  radars  requires  that  the  radar  have  sufficient  power,  sensitiv¬ 
ity,  and  subclutter  visibility  and  that  the  penetrator  not  be  masked  by 
terrain  features.  The  following  Is  an  equation  for  maximum  "free  space" 
radar  detection  range  assuming  non-coherent  Integration  of  the  received 
radar  pulses  (Ref  13:  B-12): 


As  shown  In  the  above  equation,  the  maximum  detection  range  is  directly 
proportional  to  the  fourth  root  of  radar  cross  section.  Search  radars 
are  designed  to  be  able  to  detect  penetrators  at  long  ranges  and  high 
altitudes.  The  fourth  root  range  dependence  on  RCS  therefore  gives  early 
warning  radars  excess  sensitivity  at  low  altitude  (Ref  14:16).  A  typical 
early  warning  radar  can  have  a  maximum  detection  range  of  200  nm  against 
a  1m  (one  square  meter)  target.  At  low  altitude  It  Is  usually  Imposslbl 

to  obtain  a  line  of  sight  beyond  30  nm  (Ref  15:36).  This  means  that  an 

2  2 

RCS  reduction  from  1  r  to  approximately  ,0005m  Is  necessary  before  RCS 


becomes  significant.  For  this  reason  RCS  Is  not  considered  a  factor  In 
the  Initial  detection  of  low  altitude  penetrators.  The  dominant  factors 
to  be  considered  are  llne-of-sight  (LOS)  range  and  terrain  masking. 

This  Is  supported  In  a  study  done  by  the  Calspan  Corporation  (Ref  16:86). 

The  distance  at  which  there  exists  a  clear  LOS  is  a  function  of 
radar  antenna  height,  type  of  terrain,  and  penetrator  altitude.  The 
hypothetical  terrain  model  used  in  this  study  Is  shown  in  Figure  5.  In 
order  to  determine  the  initial  range  of  detection,  the  following  curve 
fit  of  Figure  5  was  used: 

(540000  *  x)-257732  if  xs.2068 
Ro  3  20.  if  x». 2068 

where: 

Rq  ■  initial  detection  range  in  nautical  miles 
x  ■  uniformly  distributed  random  number  between  zero  and  one 

Ranges  above  20  nm  are  not  considered  because  of  the  maximum  encounter 
range  of  the  site  at  low  altitude.  This  is  based  upon  the  output  of  a 
TAC  ZINGER  model  of  a  SAM  encounter  with  similar  parameters  (Ref  23). 

The  geometry  of  the  SAM  encounter  is  depicted  in  Figure  6.  Once 
the  initial  detection  range,  RQ,  Is  established,  the  penetrator's  offset 
distance,  y.  Is  determined.  The  penetrator's  offset  Is  assumed  uniformly 
distributed  between  zero  and  !5nm  (1/2  of  the  site  density).  If  the 
offset  distance,  y.  Is  greater  than  the  Initial  range  of  detection,  RQ, 
or  If  Rq  Is  less  than  the  minimum  SAM  range,  the  penetrator  escapes 
with  no  engagement  by  the  site.  However,  If  RQ  Is  greater  than  y,  then 
the  distance  remaining  In  coverage,  xQ,  is  computed  and  the  penetrator 


Figure  5*  Cumulative  Probability  of  a  Panatrator  flaing 
Maakad  A a  a  Function  of  flange 
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Is  sent  to  the  SAM  queue  with  a  time  delay  of: 


T  =  20.  -  xQ/V  *  60.  (4) 

where : 

T  *  the  time  from  entering  the  system  to  initial  SAM  encounter 
time  In  minutes 

xQ”  initial  distance  to  fly  before  exiting  SAM  coverage  (nm) 

V  *  penetrator  velocity  In  nautical  miles  per  hour  (knots) 

The  SAM  queue  priority  Is  lowest  value  of  xQ  first.  This  gives  priority 
to  penetrators  who  are  about  to  exit  coverage. 

Launcher  Assignments.  Each  launcher  is  modeled  as  a  resource. 

Tied  to  the  resource  is  a  global  variable  which  keeps  track  of  the  mis¬ 
siles  remaining  on  the  launcher.  When  there  Is  at  least  one  launcher 
available,  a  penetrator  Is  drawn  from  the  SAM  queue.  The  penetrator  Is 
assigned  to  the  available  launcher  with  the  largest  amount  of  missiles 
remaining. 

CEP  Determination.  Missile  miss  distance  Is  expressed  in  terms  of 
missile  CEP.  It  has  been  shown  that  missile  CEP  can  be  modeled  as  a 
function  of  range  and  jamming- to- signal  noise  ratio  (0/S)  In  the  pres¬ 
ence  of  jamming.  In  the  absence  of  jamming,  CEP  can  be  modeled  as  a 
function  of  range  and  slgnal-to-nolse  ratio  (S/N)  (Ref  8).  The  equation 
used  for  the  CEP  of  the  SA-X  Is: 

CEP  ■  72.42  x  10*8(J/S)R2  ♦  199(J/S)  +  624  with  jamming  (5) 

CEP  «V  2.42  x  10“tt(H/S)Ri  +  199(N/S)  +  624  without  jamming  (6) 
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where : 


CEP  *  missile  circular  error  probable  In  feet 
R  ■  range  at  launch  In  feet 

J/S  »  jamming  to  signal  noise  ratio  (dimensionless  ratio) 

N/S  *  Inverse  of  the  signal  to  noise  ratio  (dimensionless  ratio) 

In  order  to  obtain  an  expression  for  the  S/N  ratio  the  radar  range 
equation,  equation  (2),  is  solved  for  S/N: 

PtGtG  X2  N 
S/n  -  Air. ft - 

(47TrkT0BtL 

All  terms  but  (T  and  R  are  constant.  Thus,  S/N  may  be  expressed  as: 

S/N  -  K  (8) 

a  R* 

Solving  for  the  constant  K  In  equation  (8)  by  substituting  the  system 
parameters : 

*  50dB  +  43dB  +  40dB  +  (2  *  -16dB)  +  18dB 
-(33dB  -  144dB  +  8dB  +  12dB) 

-  210dB 

-  log”1  210/10 
-1021 

Thus  S/N  may  be  expressed  as: 


Ka(dB) 

Ka(dB) 


S/N  -  1021  * 


(9) 


28 


Thus,  missile  CEP  varies  as  a  function  of  RCS  and  range.  The  S/N  ratio 
is  used  for  computing  the  missile  CEP  against  the  ALCM.  The  radar  cross 
section  of  the  cruise  missile  varies  as  a  function  of  azimuth  and  is 
shown  In  Table  2. 

Jamming  to  signal  noise  ratio  is  calculated  in  the  following  man¬ 
ner  (Ref  15:85): 


J/S  = 


pisi¥4^L 

ptW 


(10) 


Only  the  bomber  aircraft  use  J/S  in  calculating  missile  CEP.  The  bomber 
is  assumed  to  carry  repeater  jammers  capable  of  transmitting  2000  watts 
(33dB)  of  Effective  Radiated  Power  (ERP)(Ref  17).  The  bandwidth  must 
be  at  least  as  wide  as  the  bandwidth  of  the  SAM  and  is  presumed  to  be 
1.25  times  as  wide  or  9dB.  Again  only  R  and  O'  are  variable.  Therefore 

r2 

J/S  -  Kb  -fir-  (11) 


where  the  constant,  Kb,  is  computed  to  be: 

Kb(dB)  *  33dB  +  8dB  +  lldB  +12dB 

-(50dB  +  40dB  +  9dB  +  18dB) 

Kb(dB)  *  _53dB 

Kb  •  log’1  -53/10 

Kb  «  5.01187  x  10"6 
Substituting  Kb  Into  equation  (11): 

c  r2 

J/S  •  5.01187  x  10’°  * 


(12) 


Table  2 


The  following  is  the  RCS  values  used  in  DILUTE.  RCS  groups  1-3 

pertain  to  bomber  aircraft  and  4-6  pertain  to  ALCM.  Groups  1  and  4 

represent  hypothetical  data  for  worst  case  RCS  profiles.  Subsequent 

RCS  sets  are  successive  lOdB  improvements  over  the  worst  case.  Values 

2 

are  in  square  meters  (m  ). 


RCS 


AZIMUTH 

0 

1 

2 

3 

4 

5 

6 

18 

1.8 

.18 

.10 

.010 

.0010 

10 

16 

1.6 

.16 

.08 

.008 

.0008 

20 

15 

1.5 

.15 

.07 

.007 

.0007 

30 

14 

1.4 

.14 

.06 

.006 

.0006 

40 

12 

1.2 

.12 

.05 

.005 

.0005 

50 

20 

2.0 

.20 

.10 

.010 

.0010 

60 

35 

3.5 

.35 

1.00 

.100 

.0100 

70 

40 

4.0 

.40 

1.30 

.130 

.0130 

80 

500 

50.0 

5.00 

6.00 

.600 

.0600 

90 

2000 

200.0 

20.00 

25.00 

2.500 

.2500 

100 

500 

50.0 

5.00 

6.00 

.600 

.0600 

110 

40 

4.0 

.40 

1.30 

.130 

.0130 

120 

20 

2.0 

.20 

1.00 

.100 

.0100 

130 

50 

5.0 

.50 

.10 

.010 

.0010 

140 

90 

9.0 

.90 

.05 

.005 

.0005 

150 

55 

5.5 

.55 

.18 

.018 

.0018 

160 

45 

4.5 

.45 

.16 

.016 

.0016 

170 

60 

6.0 

.60 

.15 

.015 

.0015 

180 

90 

9.0 

.90 

.14 

.014 

.0014 
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Thus,  J/S  varies  as  a  function  of  range  and  radar  cross  section.  The 
radar  cross  sections  of  the  bomber  vary  as  a  function  of  azimuth  and 
■*  are  shown  in  Table  2. 

Target  Kill .  Target  vulnerability  and  SAM  warhead  fragmentation 
patterns  were  used  in  establishing  the  lethal  radius  of  the  SA-X.  Lethal 
radius  (LR)  is  defined  as  that  miss  distance  which  will  result  In  a  50% 
probability  of  kill  on  a  target  and,  for  any  particular  warhead,  varies 
as  a  function  of  target  vulnerability.  The  lethal  radii  used  were  (Ref  8) 

Bomber  ALCM 
SA-X  135'  70' 

The  single  shot  probability  of  kill  (SSPK)  of  the  missile  is  modeled  by 
the  following  equation  (Ref  8): 

SSPK  *  1  -  .5<LR/CEP>  (13) 

This  assumes  that  the  missile  launch,  flyout,  fuzing,  and  detonation 
work  as  planned.  To  account  for  the  probability  of  missile  failure 
from  launch  to  detonation  a  reliability  factor  of  .8  (Ref  8)  was  used. 

The  overall  probability  of  kill  (PK)  then  becomes: 

PK  -  (.8)  *  (1  -  ,5{LR/CEP))  (14) 

Engagement .  This  section  describes  how  CEP  and  PK  given  CEP  are 
fit  into  an  operational  sequence  of  events  which  comprise  the  SAM/pen- 
etrator  encounter.  Program  SAX  was  developed  externally  to  model  the 
SAM  engagement.  SAX  was  then  Inserted  into  the  user  written  subroutines 
of  the  SLAM  programming  language. 
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When  the  penetrator  Is  pulled  from  the  SAM  queue  and  a  launcher 
assignment  is  made,  a  new  initial  range  is  computed  which  Is  based  on 
the  original  detection  range,  speed  of  the  penetrator,  and  time  spent 
In  the  SAM  queue.  This  Is  the  point  where  track  attempt  Is  begun.  A 
PK  decision  rule  is  used  to  determine  when  the  launcher  should  fire  Its 
first  missile.  If  the  PK  check  is  not  passed  at  the  initial  range,  the 
penetrator  is  advanced  in  1  nautical  mile  increments  until  the  PK  check 
is  passed.  Once  the  PK  is  attained  the  SAM  firing  sequence  begins. 
Program  SAX  was  excercised  numerous  times  experimenting  with  different 
PK  decision  rules.  High  PK  decision  rules  caused  the  SAM  to  wait  until 
the  penetrator  a2imuth  swung  to  more  favorable  radar  cross  sections. 

Not  only  did  this  cause  longer  engagement  times  because  of  the  SAM 
having  to  wait  for  relatively  long  periods,  but  many  times  only  one 
shot  could  be  fired.  Also  for  a  nose  on  encounter  at  low  RCS  the  SAM 
would  never  fire.  At  low  PK  firing  decsion  rules  the  launchers  would 
fire  at  long  ranges  with  low  PKs  and  exhaust  their  launcher  supply  of 
four  missiles  rapidly  and  would  have  to  go  "down"  for  reload.  It  was 
observed  that  the  PK  increased  slowly  to  about  .2  and  then  would  rapidly 
Increase.  For  these  reasons  a  PK  decision  rule  of  .2  was  used.  This 
value  Is  set  as  a  variable  at  the  start  of  the  simulation  run  and  may 
easily  be  updated  for  further  analysis. 

At  the  start  of  the  firing  sequence  a  lead  intercept  point  Is  cal¬ 
culated  based  on  a  proportional  navigation  routine  (see  Figure  7)  which 
Is  a  function  of  average  missile  flyout  velocity,  penetrator  velocity, 
and  azimuth.  The  following  equation  was  used  to  compute  the  Intercept 
point  (Ref  13:31}: 
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f 

i 

i 

( 


R,  -  V„  t 
A _ B _ 


’SAM 
R  tan(<*  -  jS  ) 


Vp  +  VSAM 


for  R  *  0 


for  Ry  >  0 


where: 


-i  <*5  -  *bH  ■  v 


tan 


sin 


-1  cos<* 


<wv 


(15) 


(16) 

(17) 


where : 

VSAM  *  SAM  m^ss^e  velocity 

Vp  *  penetrator  velocity 

R^  *  detection  range 

Ry  3  offset  range 

t  «  distance  flown  by  penetrator  during  SAM  reaction  time. 


Once  the  point  of  Intercept  Is  calculated,  the  RCS  of  the  penetrator  at 
missile  Impact  Is  determined  and  the  missile  CEP  Is  calculated  based  on 
either  a  J/S  or  S/N  ratio.  The  PK  is  calculated  and  a  uniformly  distrib¬ 
uted  random  variable  Is  drawn  and  compared  with  the  PK.  If  the  random 
variable  Is  less  than  the  computed  PK  the  penetrator  Is  killed  and  the 
encounter  terminates.  The  time  elapsed  is  based  on  the  Initial  encoun¬ 
ter  range,  the  range  at  time  of  kill,  and  the  penetrator  velocity.  If 
the  penetrator  Is  not  killed,  his  position  Is  advanced  for  the  Interfire 
time.  If  there  is  still  a  missile  remaining  on  the  launcher  and  the 
penetrator  Is  still  in  coverage,  a  new  lead  Intercept  point  Is  calculated 
and  the  process  Is  repeated.  This  continues  until  the  penetrator  Is 
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killed,  the  launcher  runs  out  of  missiles,  or  the  penetrator  leaves  the 
coverage. 


Once  the  encounter  is  over  the  penetrator  goes  on  one  of  three 
paths.  Oepending  on  his  status,  the  penetrator  either: 


1.  is  eliminated  from  the  system. 

2.  returns  to  the  SAM  queue  if  he  has  not  reached  the 
boundary  of  the  SAM  coverage. 

3.  goes  on  to  the  AI  area  if  he  has  left  the  SAM  coverage. 


The  launcher  takes  one  of  the  following  two  paths: 


1.  If  there  is  at  least  one  launcher  missile  remaining 
and  a  penetrator  is  in  the  SAM  queue,  the  launcher 
returns  with  a  minimum  time  delay  to  engage  the 
penetrator. 

2.  If  there  are  no  launcher  missiles  left  or  If  no  pen- 
etrators  are  in  the  queue,  the  launcher  will  go  down  for 
reload  with  the  reload  time  being  a  function  of  the 
number  of  missiles  to  be  loaded. 


AI  Engagement 

Manned  Interceptor  defenses  represent  a  complex  system  of  ground 
based  and  airborne  components  Interacting  In  time  and  space  with  an 
attacking  force  of  penetrators.  All  successful  defense  systems  must 
perform  a  number  of  consecutive  functions  to  attain  their  objective  of 
destroying  the  attacker.  These  functions  are  (Ref  14:10): 


Early  Warning 

Target  Detection 

Threat  Verification 

Intercept  Point  Prediction 

Interceptor  Assignment 

Interceptor  Vectoring 

Target  Acqulstlon  by  Interceptor 

Conversion 

Weapon  Release 

Weapon  Lock-on,  Flight 

Weapon  Fuzing/Detonation 

Target  Kill 

Kill  Assessment 


The  probability  of  a  successful  encounter  is  the  product  of  the  indiv¬ 
idual  conditional  probabilities  for  each  function  (assuming  statistical 
independence  between  events).  Manned  interceptors  typically  operate 
over  a  wide  battle  area.  A  penetrator,  therefore,  may  have  several  AI 
engagements  on  the  way  to  its  objective. 

Modeling  the  AI  engagement,  therefore,  can  be  accomplished  by  det¬ 
ermining  the  probabilities  associated  with  each  defense  function  and  the 
number  of  individual  attacker/defender  encounters.  To  simplify  the  an¬ 
alysis,  critical  defense  functions  are  modeled  by  the  following  events: 

El  Detection  by  GCI 
E2  Interceptor  Assignment  4  Vectoring 
E3  Interceptor  Detection  and  Conversion 
E4  Target  Kill 

A  number  of  functions  are  grouped  together  in  the  four  functions  iden¬ 
tified  above.  Initial  early  warning  is  presumed  to  have  occured;  also 


both  detection  and  verification  is  included  in  El.  An  interceptor  is 
assigned  (if  available)  and  vectoring  is  accomplished  with  an  error  term 
that  is  normally  distributed  with  a  mean  of  zero  and  standard  deviation 
of  three  nautical  miles.  E3  includes  target  acquistion  and  convergence 
by  the  fighter  into  a  proper  engagement  envelope.  Weapon  release,  lock- 
on,  flight,  fuzing,  detonation,  and  kill  is  included  in  E4.  The  AI 
employs  a  shoot-look-shoot  strategy  with  no  error  in  target  kill  assess¬ 
ment.  The  following  sections  describe  the  modeling  of  these  events. 

Detection.  The  detection  of  a  penetrator  by  the  EW/GCI  components 
of  a  defense  system  requires  that  the  radar  have  sufficient  sensitivity 
and  subclutter  visibility  and  that  the  penetrator  not  be  masked  by  ter¬ 
rain  features.  As  previously  discussed  in  the  SAM  engagement  section, 
the  EW/GCI  radars  will  not  be  considered  power  limited  and  are  postulated 
to  have  sufficient  subclutter  visibility  to  reliably  detect  and  track 
the  penetrators.  Thus  the  limiting  factor  on  detection  will  be  the 
llne-of-slght  (LOS)  range. 

The  same  terrain  model  and  masking  probabilities  are  assumed  for 
the  AI  encounter  as  for  the  SAM  encounter.  A  "cookie  cutter"  approach 
is  used  in  determining  the  effective  radius  of  the  GCI  site.  The  effec¬ 
tive  radius  Is  defined  as  that  radius,  given  the  type  of  terrain,  pen¬ 
etrator  altitude,  and  antenna  height,  at  which  there  is  a  50%  or  greater 
chance  of  obtaining  a  LOS.  All  penetrators  that  are  further  than  this 
distance  from  the  site  are  considered  masked,  while  all  penetrators 
that  come  within  this  radius  will  be  considered  detected.  As  seen  from 
Figure  5,  for  a  200'  penetrator  against  a  radar  with  100'  antenna  in 
flat  and  rolling  terrain,  the  50%  detection  range  is  estimated  at  25nm. 
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By  knowing  the  site  density, p  ,  and  the  effective  radius  of  the 
site  one  can  find  the  expected  number  of  encounters  In  a  distance,  D 
(Ref  18:173): 

E(N)  =/)*  2R  *  D  (18) 

where : 

E(N)  *  expected  value  of  the  random  variable,  N,  the  number  of 
encounters 

P  ~  site  density  in  sltes/nm^ 

2R  *  two  times  the  effective  radius  of  the  site  (diameter) 

D  *  total  distance  remaining  In  area 

It  Is  assumed  that  the  threat  environment  is  such  that  the  penetra- 
tors  encounter  radars  as  If  no  avoidance  were  practiced  and  the  radars 
are  Poisson  distributed  in  the  plane.  This  assumption  was  used  In  the 
FIOPS  (Fighter  Interceptor  Operations  Model)  developed  for  the  Air  Force 
by  General  Research  Corporation  (Ref  19:6-7)  and  Is  substantiated  for 
certain  geographic  locales  (Ref  20). 

Let  0  represent  the  total  distance  traveled  in  the  fighter  Inter¬ 
ceptor  area.  The  time  In  the  area  is  expressed  by: 

T  ■  D/V  *  60.  (19) 

where: 

T  ■  time  In  AI  area  In  minutes 

0  *  distance  to  travel  In  AI  area  In  nautical  miles  (nm) 

V  ■  penetrator  velocity  In  knots  (nautical  miles  per  hour) 


Thus  the  expected  number  of  encounters  per  minute  is: 


E(N)  »/>*  2R  *  D/T  (20) 

Substituting  for  T  using  equation  (19): 

E(N)  2R  *  V/60.  (21) 

If  the  number  of  encounters  per  minute  is  Poisson  distributed,  it  can 
be  shown  (Ref  21:157)  that  the  time  between  encounters  Is  exponentially 
distributed  with  mean: 

X  •  1/E(N) 

X*  60//?  *  2R  *  V  (22) 

Assignment  &  Vectoring.  A  confirmed  detection  and  track  by  a  6CI 
radar  starts  a  chain  of  events  designed  to  end  with  the  destruction  of 
the  penetrator.  The  GCI  site  must  predict  the  penetrator  flight  profile 
request  a  fighter  to  pursue  the  penetrator,  and  then  vector  the  Inter¬ 
ceptor  to  the  vicinity  of  the  penetrator. 

It  Is  assumed  that  all  fighter  bases  had  ample  warning  of  the  en¬ 
suing  battle  and  all  fighters  begin  the  battle  from  a  Combat  Air  Patrol 
(CAP)  posture.  Conceptually,  the  CAP  Is  split  into  two  CAPs  with  CAP1 
holding  those  fighters  who  have  expended  half  their  ordinance  and  CAP2 
holding  those  fighters  with  a  full  weapon  load.  It  Is  presumed  that  the 
fighters  In  CAP1  are  the  lowest  on  fuel  and  are  given  priority  for  assign 
Kent  over  those  In  CAP2.  Because  of  the  CAP  selection  rule  used  and  the 
short  time  span  of  the  battle  (approximately  75  minutes)  no  attempt  was 
made  to  track  the  fuel  remaining  of  each  fighter. 
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The  dominant  parameter  governing  vectoring  performance  Is  the  arrival 
time  of  the  interceptor.  The  time  necessary  for  the  fighter  to  converge 
to  the  intercept  point  will  determine  whether  or  not  the  penetrator  will 
still  be  within  the  effective  radius  of  the  GCI  coverage.  The  time  of 
fighter  arrival  depends  upon  CAP  dispersal  doctrine,  and  fighter  per¬ 
formance. 

A  fighter  returns  to  base  when  his  ammunition  is  exhausted.  After 
rearming  and  refueling,  the  fighter  launches  and  becomes  part  of  CAP2. 
Given  the  short  duration  of  the  battle  this  portion  of  the  model  plays 
a  very  minor  role.  The  main  contribution  of  this  portion  of  the  model 
to  the  overall  modeling  effort  is  that  it  adds  flexibility  if  the  model 
Is  to  be  expanded. 

For  the  purposes  of  this  study,  interceptor  arrival  time  is  modeled 
by  a  random  variable,  uniformly  distributed  between  200  and  400  seconds. 
Fighter  return,  service,  and  launch  time  is  modeled  by  a  random  variable, 
uniformly  distributed  between  47  minutes  and  57  minutes.  It  is  felt 
that  these  figures  represent  worst  case  (for  the  offense)  situations. 

While  these  are  not  precise  measurements,  they  capture  the  relative  order 
of  magnitude  necessary  for  the  level  of  detail  presented  in  this  study. 
Further  details  as  to  Soviet  doctrine,  fighter  performance,  basing,  and 
maintenance  capabilities  would  classify  this  thesis. 

Detection  l  Conversion.  After  the  GCI  system  has  vectored  the  AI 
to  the  vicinity  of  the  penetrator,  the  Interceptor  must  then  detect  the 
penetrator  and  convert  to  a  position  within  the  envelope  of  Its  weapons. 
The  probability  of  a  successful  detection  and  conversion  given  a  success- 


ful  vectoring  is  termed  Probability  of  Detection  and  Conversion  (PDC). 
PDC  is  functionally  related  to  the  quality  of  the  AI  radar,  the  heading 
conversion  angle  (HCA),  and  the  penetrator's  radar  cross  section  (RCS). 

Tight  6CI  control  generally  demands  that  loss  of  target  track  by 
the  6CI  radar  ends  the  engagement.  However,  low  altitude  penetrators 
traverse  regions  of  GCI  coverage  in  such  a  short  time  that  requiring 
the  penetrator  to  be  within  GCI  coverage  at  AI  arrival  would  unrealis¬ 
tically  restrict  the  defense.  Therefore,  it  is  reasonable  to  assume 
that  the  GCI  system  would  extrapolate  the  track  of  the  penetrator  for 
a  modest  time  after  leaving  the  site  coverage.  This  greatly  increases 
the  uncertainly  volume  of  space  that  the  AI  must  search  for  the  pen¬ 
etrator  and,  thus,  decreases  the  PDC.  This  leads  to  a  concept  of  two 
PDC's;one  for  an  AI  intercept  within  coverage,  PDC^n,  and  one  for  out 
of  coverage,  PDCQut.  Figure  8  represents  the  concept  of  In-coverage 
and  out-of-coverage.  The  radar  coverage  circle  is  for  a  200'  penetra¬ 
tor  and  the  circle  size  Increases  for  increasing  penetrator  altitude. 

The  PDC  values  used  were  extracted  from  a  PACAM  model  (Ref  32) 
which  was  run  using  a  Class  II  type  fighter.  Table  3  shows  the  PDC 
values  as  a  function  of  RCS,  and  HCA.  RCS  levels  are  coded  RCS  groups 
as  described  in  Table  2.  Random  Intercept  headings  are  presumed  so  the 
average  of  all  HCA's  within  an  RCS  group  was  used  in  the  model  to  det¬ 
ermine  the  PDC. 

An  average  In-coverage  track  length  Is  used  In  computing  the  time 
under  radar  coverage.  It  Is  assumed  that  the  offset  distance  that 
the  penetrator  crosses  to  the  GCI  site  Is  random.  Therefore  the  average 
offset  distance  would  be  one  half  the  effective  radius: 


The  total  track  length,  L,  Is: 


l  *  2  VR^  -  RZ/4 
L  *  2  V  R2{1  -  k) 
l  -  2R  V.75 

L  *  1.732  R  '  (23) 

Electronic  Countermeasures  (ECM)  used  by  the  bomber  complicates  the 
defense's  problem  of  performing  a  successful  Intercept.  It  has  been 
shown  (Ref  22:353)  that  the  probability  of  a  successful  AI  engagement 
against  a  bomber  decreases  approximately  30%  In  the  presence  of  ECM. 

Thus  an  ECM  effectiveness  factor  of  .7  was  used  In  reducing  the  PDC  for 
a  bomber  penetrator. 

An  unsuccessful  conversion  results  In  the  fighter  being  tied  up  for 
a  length  of  time  equal  to  his  flying  time  to  the  Intercept  point.  A 
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successful  conversion  results  in  shots  fired  at  the  penetrator.  The 
interceptor  fires  until  the  penetrator  is  killed,  or  the  interceptor 
runs  out  of  missiles.  The  interceptor  will  break  off  the  attack  if 
during  the  attack,  the  penetrator  enters  the  TSAM  zone  (a  one  minute 
flying  time  overlap  is  allowed). 

Each  fighter  starts  out  with  four  missiles.  The  fighter  fires  two 
at  a  time.  Thus  each  fighter  may  shoot  two  volleys  of  two  missiles  each. 
If  a  fighter  reaches  a  kill  envelope  on  either  a  cruise  missile  or  bomber 
and  launches  a  missile  against  the  penetrator  it  is  presumed  that  if  the 
missile  works  properly,  it  will  kill  with  a  probability  of  1.0.  However, 
factored  into  the  Single  Shot  Probability  of  Kill  (SSPK)  will  be  the 
probability  of  a  successful  missile  launch,  flyout,  fuzing,  and  deton¬ 
ation.  Thus  a  SSPK  of  .8  was  used  as  representative  of  missile  reliabil¬ 
ity  (Ref  23).  The  overall  PK  of  a  volley  of  two  then  may  be  computed  as 
follows: 

PK  -  1  -  (1  -  SSPK)2  (24) 

Pk  *  .96 

Thus,  if  a  fighter  converges  on  a  penetrator,  the  PK  used  in  the  model 
is  .96  for  each  volley. 

After  the  engagement,  the  fighter  Is  placed  either  In  CAP1,  or 
CAP2,  or  returns  to  base  depending  upon  the  status  of  his  weapons.  If 
the  penetrator  survives,  the  time  of  the  next  encounter  Is  drawn  from  an 
exponential  distribution  with  a  mean  computed  based  on  the  number  of  GCI 
sites  remaining  In  the  system.  If  the  time  of  the  next  engagement  ex¬ 
ceeds  the  penetrator 's  planned  time  to  enter  the  TSAM,  then  the  penetra- 


tor  proceeds  to  the  TSAM.  If  the  time  of  the  next  encounter  Is  less 
than  the  time  to  enter  the  TSAM,  then  the  penetrator  is  routed  back  to 
the  AI  queue  with  a  time  delay  as  computed  from  the  exponential  distrib¬ 
ution  using  the  current  number  of  SCI  sites  to  determine  the  mean  time 
between  encounters  as  previously  described. 

Value  Average  Probability  of  Damage  (VAPD).  The  term  Value  Average 
Probability  of  Damage  (VAPD)  was  developed  as  the  primary  measure  of 
effectiveness  (MOE)  in  evaluating  the  weapon  systems.  Conceptually, 

VAPD  measures  the  proportion  of  value  destroyed  for  the  entire  target 
base.  Two  hundred  target  values  are  stored  in  arrays  ZI,  Z2,  Z3,  and  Z4 
representing  the  four  target  zones.  These  arrays  are  initialized  by  a 
data  statement  at  the  beginning  of  each  simulation  run.  When  a  penetrator 
reaches  the  target  or  SRAM  launchpoint,  a  weapon  miss  distance  is  gener¬ 
ated.  Then,  based  upon  the  miss  distance,  yield,  height  of  burst  (HOB), 
and  target  damage  response,  the  Individual  target's  value  is  updated 
within  the  arrays  by  the  following  recursive  algorithm: 

i  »  1  to  N 

V1j  =  V1j-1  '  PD1jV/1j-l  j  *  1  to  ni  (25) 

where : 

V.,  *  the  value  remaining  of  the  1^  target  after  the  weapon 
1J  has  struck 

V..  ,  •  the  value  remaining  of  the  1t^1  target  prior  to  the  jth 
weapon  strike 

POjj  ■  probability  of  damage  to  the  1^  target  by  the  weapon 
N  «  total  number  of  targets  in  the  target  base 
n^  *  number  of  weapons  allocated  to  the  1t^  target 
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For  each  weapon  impact  the  value  extracted  Is  the  product  of  PO^j  and 
Vij-1  '  For  tar9ets  the  variable  VAPO  is  summed  in  the  following 
manner: 


v  n; 

EZ. 


i*/ 


jm,  P°i  j^i  j-1 


(26) 


In  this  study  N*200,  and  n^=2  for  all  i. 

The  probability  of  damaging  the  target  is  a  function  of  the  weapon 
miss  distance,  yield,  height  of  burst  (HOB),  and  target  vulnerabil Ity. 

The  following  table  shows  the  weapon  systems'  characteristics  used  in 
this  study.  Actual  figures  are  not  used  because  of  security  restrictions. 
However,  these  values  capture  the  order  of  magnitude  necessary  for  rel¬ 
ative  comparisons:  \ 


#  wpns  ea 

Yield 

CEP 

HOB 

Bomber 

Gravity 

4 

1000  KT 

1000ft 

Oft 

SRAM 

6 

200  KT 

800ft 

4CQ0ft 

ALCM 

1 

200  KT 

400ft 

4000ft 

The  following  subsections  show  the  methodology  used  in  computing 
the  damage  probability. 


Target  Vulnerability.  A  representative  hardness  level  for  struc¬ 
tures  found  In  urban/ Industrial  areas  was  selected  as  one  with  a  Vulner¬ 
ability  Number  (VN)  of  13Q7  from  the  OIA  Greenbook.  The  following  dis¬ 
cussion  Is  taken  from  unclassified  sections  of  the  Greenbook  (Ref  24:1-2). 
The  Q  In  the  VN  number  classifies  the  target's  primary  damaging  mechan- 
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Ism  as  peak  dynamic  overpressure,  q.  The  first  two  digits  of  the  VN 
number  are  generated  from  an  artificial  numerical  scale  which  associates 
damage  probabilities  with  peak  dynamic  overpressure  required  from  a 
20KT  weapon  to  achieve  a  .5  probability  of  severe  damage  to  a  randomly 
oriented  target.  For  a  target  with  a  VN  of  13Q7,  the  first  two  digits 
were  computed  by  the  following  equation: 

6.31  (log  q  g)  +  9.72  =  13  (27) 

Where  q  ^  Is  the  peak  dynamic  overpressure  associated  with  a  .5  prob¬ 
ability  of  damage.  Solving  for  q 

q  5  3  log"1  .5198 
q.5  s  3.3 

However  nuclear  effects  calculations  are  usually  available  for  peak 
overpressure  (ap)  and  not  peak  dynamic  overpressure,  q.  To  find  q 
as  a  function  of  Ap  necessitates  solving  a  series  of  partial  differen¬ 
tial  equations  (commonly  called  the  Ranklne-Hugoneot  equations)  which 
describe  blast  wave  phenomena  across  the  shock  front.  From  this  deriv¬ 
ation  It  can  be  shown  that  (Ref  25): 


q  ■  — - -  (28) 

2(  (7)  (14.7)  +  Ap) 

This  applies  for  sea  level  standard  day  conditions.  Then  solving  this 
quadratic  equation  for  Ap  when  q  ■  3.3,  yields  a  Ap  *  12.333  .  This 
then  Is  the  overpressure  required  to  create  a  peak  dynamic  overpressure 


of  3.3  psi  for  a  20  KT  burst  at  sea  level. 


The  second  portion  of  the  VN  number  Is  called  the  K  factor.  An 
adjustment  to  Ap  for  the  K  factor  Is  necessary  because  the  pressure 
required  to  damage  a  target  varies  as  a  function  of  yield  (Ref  24:1-2). 
This  is  because  the  actual  damage  on  target  is  a  function  of  the  force 
on  the  target  and  the  time  duration  of  the  force.  This  functional  rela¬ 
tionship  is  called  Impulse  (I)  which  is  the  time  Integral  of  force  act¬ 
ing  on  the  target: 


I  -  /  q(t)dt  (29) 

*4 a 

where  t  -  tb  Is  the  time  of  the  positive  phase  duration  of  the  force. 

In  general,  the  larger  the  yield,  the  longer  is  this  time  duration  and 
consequently  the  lower  the  force  necessary  to  give  a  specified  Impulse. 
The  mean  overpressure  kill  criteria  (Ap  5)  was,  therefore,  adjusted  for 
the  K  factor  (Ref  24:1-33)  for  each  class  of  weapon  and  is  shown  below: 

Gravity  bomb  8  psi 
SRAM  9  psi 
ALCM  9  psi 

Miss  Distance  Generation.  Hit  patterns  are  assumed  to  be  bivariate 
normal  distributions  (Ref  26:98).  The  bivariate  normal  with  a  mean  of 
zero  Is  shown  below: 


f(x,y) 


noktr. 


EXP->s[(x/crx)2  ♦  (w  <Ty)2] 


! 

In  this  equation  (J  Is  the  downrange  standard  deviation  and  (J  Is  the 
x  y 

cross  range  standard  deviation.  Aircraft  hit  patterns  tend  to  follow 

an  elliptical  distribution  with  the  major  axis  down  range  (Ref  26:101). 

This  implies  that  0‘¥>(T/.  From  the  authors'  personal  experience  It 

x  y 

seems  that  In  general  (J  »  2  (J  '  .  Each  miss  distance  for  the  ALCM  and 

x  y 

the  bomber  gravity  weapons  were  generated  In  the  FORTRAN  subroutines  by 
a  call  to  two  normal  distributions  each  with  a  zero  mean  and  standard 
deviations  from  the  stated  CEPs  of  each  weapon.  The  SRAM  delivery  pro¬ 
file  was  assumed  to  be  semi-ballistic  In  order  to  attain  maximum  range. 
This  profile  results  In  steep  reentry  angles.  Due  to  the  relatively 
short  distances  Involved  and  the  steep  reentry  angle,  the  SRAM  hit  pat¬ 
tern  was  modeled  by  a  circular  normal  distribution  with  (J  -  (j . 

x  y 

Appendix  D  shows  how  (j  and  (j  were  derived  from  the  CEP. 

x  y 

Overpressure  Calculation.  The  overpressure  that  the  target  experi¬ 
ences  is  a  function  of  the  miss  distance,  yield,  and  height  of  burst 
(HOB).  An  air  burst  enhances  the  overpressure  effect  on  ground  targets. 
When  the  blast  wave  from  an  alrburst  strikes  the  ground  It  Is  reflec¬ 
ted  back,  similar  to  a  sound  wave  producing  an  echo.  At  a  certain 
region  on  the  ground  the  original  wave  front  and  the  reflected  wave 
front  merge.  This  phenomenon  Is  called  the  "Mach  front".  Overpressures 
In  this  Mach  front  are  generally  twice  as  great  as  that  at  the  original 
blast  wave  front  (Ref  27;38).  The  position  of  this  Mach  wave  depends 
mainly  on  the  weapon  yield  and  height  of  burst.  The  Mach  effect  Is  the 
reason  for  the  characteristic  "knee"  shape  of  the  curves  In  Figure  9. 
Figure  9  depicts  overpressure  on  the  ground  as  a  function  of  height  of 
burst  and  miss  distance  for  a  1KT  burst. 
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Height  of  burst  was  optimized  by  selecting  the  applicable  overpres¬ 
sure  of  concern  (10  psl)  and  then  selecting  the  height  of  burst  which 
maximized  the  distance  from  ground  zero  at  which  the  desired  overpressure 
effect  Is  observed.  For  10  psi  an  altitude  of  710'  was  chosen.  This 
Is  called  the  "scaled"  height  of  burst  (SHOB). 

The  miss  distances  on  the  horizontal  axis  of  Figure  9  are  called 
"scaled"  miss  distances  because  they  pertain  to  a  1KT  burst.  If  the 
yield  of  the  weapon  differs  from  the  1KT  reference,  one  must  "scale"  the 
actual  miss  distance  to  the  1KT  reference  case.  This  is  done  via  the 
following  scaling  law  (Ref  27:112): 

W  1/3 

-5 - —  (31) 

R1KT  1kt 


where: 

R  *  actual  miss  distance 
R1KT  *  1KT  reference  miss  distance 
W  «  weapon  yield  In  KT  (kllotons) 

This  scaled  miss  distance  and  the  scaled  HOB  are  the  entering  arguments 
for  computing  the  overpressure  at  the  target.  The  curve  fit  to  Figure  9 
Is  quite  lengthy  and  Is  contained  In  Appendix  E. 


Damage  Function.  The  probability  of  damage,  PD,  Is  described  as  a 
random  variable  following  a  lognormal  damage  function  of  the  form  (Ref  25) 


PD(Ap) 


in(x)  -  a 


dx 


(32) 


52 


where: 

Ap  ■  overpressure  resulting  from  a  given  miss  distance 
CL  ■  ln(Ap<5) 

•  the  standard  deviation  of  the  underlying  normal  distribution 
Assuming  a  "Slgna-30"  type  target  Implies  (Ref  24 : IV-1 ) : 


AP^g-AP  3i 


where  Apx  Is  the  overpressure  at  which  the  probability  of  damage : Is  x. 
Using  equation  (33)  along  with  the  Identities: 


InAP  eg  -  In  AP 


1  n AP  ->1  -  InAP 


*  -.5 


where  AP  Sg  Is  8  psl  or  9  psl  depending  upon  the  weapon  yield.  Solving 
these  three  equations  (33,34,  and  35)  with  three  unknowns: 

A  P.50  *  8  9 

A  p<69  -  9.29  10.45 

A  p  21  .  6.89  7.76 

/ 6  •  .2979  .  2988 


The  parameter was  set  equal  to  .30  for  all  weapons. 
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To  summarize,  the  parameters  used  In  the  lognormal  damage  function 


Gravity  weapon  SRAM  &  ALCM 

OLm  1  n (8  psl)  Oi  *  ln(9  psl) 

/B  »  .30  ^6  =  .30 

In  summary,  this  chapter  presented  the  main  concepts  of  the  model 
DILUTE.  These  main  concepts  were  structured  in  blocks.  The  blocks 
were:  Arrival  Rates,  Target  Assignments,  SAM  encounter,  AI  encounter. 
Target  Damage.  Each  block  was  discussed  and  the  underlying  mathematical 
relationships  and  logic  flow  was  presented.  The  next  chapter  discusses 
how  these  blocks  were  dovetailed  Into  the  SLAM  network  simulation 
language. 


III.  Computerization 


This  chapter  provides  a  detailed  description  of  the  major  aspects 
of  the  penetration  model.  .The  sections  to  be  covered  will  begin  with 
the  Initialization  routine  followed  by  the  generation  of  Penetrator 
Arrivals,  the  Target  Assignments,  the  BSAM  Encounter,  the  AI  Encounter, 
the  Terminal  SAM  Encounter,  and  the  Output  Subroutine.  Finally  the 
chapter  closes  with  a  summary . 

The  penetration  model  uses  the  SLAM  network  shown  in  Appendix  A. 

In  general,  the  network  routes  penetrators  through  three  Independent 
tiers  of  defenses  (BSAM,  AI,  and  TSAM)  ultimately  sending  each  penetra¬ 
tor  to  either  a  "kill"  node  if  it  Is  shot  down,  or  a  "survive"  node  If 
It  successfully  negotiates  the  defensive  arrays.  The  network  and  sub¬ 
routines  will  be  discussed  In  the  order  stated  above. 

Initialization  Subroutine  (INTLC) 

Prior  to  the  start  of  the  network  an  initialization  subroutine 
called  subroutine  INTLC,  a  user-written  subroutine,  is  called  by  SLAM 
before  each  simulation  run  to  set  the  Initial  start-up  conditions  of 
the  model.  These  Initial  start-up  conditions  are  variables  that  can 
either  be  fixed  or  variable  and  are  user  dependent.  SLAM  uses  an  array 
called  XX(I)  which  Is  a  single  dimension  array  for  storage  of  these 
global  variables  that  are  common  throughout  the  network.  These  var¬ 
iables  can  be  set  In  one  portion  of  the  network  and  then  used  In  any 
other  portion  of  the  network.  The  global  variables  that  are  set  for 
the  Initial  start-up  conditions  can  be  found  In  lines  18  through  157 
of  the  FORTRAN  code  (Appendix  C).  The  creation  and  generation  of  the 
penetrators  will  now  be  discussed. 
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Penetrator  Arrivals 

The  simulation  begins  with  the  generation  of  Bombers  and  ALCMs 
entering  penetration  corridor  #1  and  corridor  #2.  The  bomber  arrivals 
are  generated  from  a  lognormal  distribution,  and  ALCM  arrivals  are  gen¬ 
erated  from  a  normal  distribution.  The  selection  of  these  distributions 
was  explained  in  Chapter  II.  For  the  remainder  of  this  study  penetra¬ 
tion  corridor  #1  will  be  used  to  describe  the  network  structure,  how¬ 
ever,  it  should  be  noted  that  penetration  corridor  #2  network  struc¬ 
ture  operates  and  functionally  behaves  as  corridor  #1.  The  ensuing  dis¬ 
cussion  will  focus  on  corridor  #1  beginning  with  the  assigning  of  attrib 
utes  to  the  penetrators  (entities). 

ASSIGN  Nodes  (ASN1  through  ASN8) 

The  ASSIGN  node  is  used  to  prescribe  values  to  the  attributes  of 
an  entity  passing  through  the  ASSIGN  node  or  to  prescribe  values  to 
global  variables  that  pertain  to  the  network  in  general .  SLAM  uses  an 
array  called  ATRIB(I)  which  is  a  single  dimension  array  for  storage  of 
attribute  values  that  are  tagged  with  each  entity.  A  description  of 
the  ASSIGN  node  ASN1  is  shown  below  and  can  be  found  in  lines  64  and  65 
of  the  SLAM  computer  code  (Appendix  B). 


Atributes 

Description 

ATRIB(l)  »  1 

Indicates  that  the  entity  is  a  bomber 

ATRIB(2)  -  XX(3) 

Sets  the  speed  of  the  bomber 

ATRIB(3)  ■  XX(4) 

Sets  the  RCS  group  of  the  bomber 

ATRIB(4)  -  XX(5) 

Sets  the  bomber  altitude 

ATRIB(ll)-  1 

Initial  target  zone  assignment 

ATRIB(15)«  1 

Corridor  number 
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A  complete  description  of  all  the  attributes  used  within  the  model  can 
be  found  in  Appendix  F.  Once  the  penetrators  are  generated  and  assigned 
attributes  they  enter  the  target  assignment  algorithm. 


Target  Assignments 

The  target  assignments  are  represented  by  Event  nodes  9  and  10. 
Event  node  9,  labeled  as  TGT1  in  the  network,  calls  subroutine  9  which 
sequentially  assigns  bombers  to  their  individual  targets  within  Zones 
2,  3,  and  4.  Event  node  10,  labeled  as  TGT2  in  the  network,  calls  sub¬ 
routine  10  which  sequentially  assigns  ALCMs  to  their  individual  targets 
within  Zones  1  through  4.  The  target  assignments  are  then  stored  in 
Attributes  21  through  24  which  represent  Zones  1  through  4  respectively. 
A  complete  description  of  the  target  assignment  algorithms  can  be  found 
In  lines  930  through  952  of  the  FORTRAN  code  contained  in  Appendix  C. 

The  next  section  will  discuss  the  penetrator's  encounter  with  the  first 
tier  of  defense,  the  Band  SAM  (BSAM). 

BSAM  Encounter 

Once  the  target  assignments  are  made,  the  penetrators  continue 
down  their  respective  corridors  until  being  detected  by  a  BSAM.  As 
stated  previously,  the  BSAM  Is  representative  of  the  first  tier  of  def¬ 
ense  a  penetrator  can  expect  to  encounter  In-country.  Quite  extensive 
network  development  was  necessary  to  effectively  capture  the  one-on-one 
encounter  between  a  SAM  and  a  penetrator.  The  computerization  not  only 
adds  credibility  to  the  model,  but  also  captures  the  realism  of  a  SAM 
encounter.  The  actual  SAM  encounters  are  Incorporated  in  a  series  of 
USERF  written  functions  which  employ  FORTRAN  coding.  By  using  the  USERF 


functions  all  the  elements  of  a  SAM  encounter  could  be  determined  and 
set  within  the  model.  A  brief  description  of  USERF  functions  is  now  in 
order. 

USERF(l)  (Appendix  C,  lines  173  through  207)  determines  the  detec¬ 
tion  range,  ATRIB(17),  time  to  fly  to  SAM  envelope  encounter,  ATRIB(6), 
time  to  exit  the  SAM  coverage,  ATRIB (8) ,  probabilistically  determines 
if  the  penetrator  is  detected  or  not,  and  if  detected  is  sent  to  the 
SAM  queue  indicated  as  SAMI  in  the  network.  At  the  same  time  a  clock 
is  started  with  a  duration  time  equal  to  the  entity's  time  in  SAM  cov¬ 
erage.  This  is  accomplished  by  routing  an  entity  through  Activity  num¬ 
ber  nine  (see  Appendix  A).  If  the  entity  is  not  engaged  by  the  time  the 
clock  runs  out  (completion  of  Activity  number  nine).  Subroutine  11  is 
called  which  removes  the  penetrator  from  the  SAM  queue.  However,  if 
the  penetrator  is  engaged  he  is  first  routed  to  Event  node  3  which  calls 
Subroutine  3.  Subroutine  3  "stops  the  clock"  by  removing  the  "clock 
entity"  from  the  event  calendar. 

A  launcher  assignment  algorithm,  USERF(12),  is  then  called  to  select 
from  those  launchers  available  the  launcher  with  the  largest  supply  of 
missiles  remaining.  See  Appendix  C  lines  519  through  539.  Once  the 
launcher  Is  selected,  the  site  will  have  an  opportunity  to  engage  the 
penetrator. 

The  actual  engagement  of  the  penetrator  is  now  handed  off  to  USERF(4) 
(Appendix  C,  lines  248  through  390).  USERF(4)  Is  a  mini-simulation  of 
the  SAM  encounter  which  computes  the  point  of  first  missile  fire,  checks 
to  see  If  the  penetrator  is  an  ALCM  or  a  bomber  and  computes  the  S/N  or 
J/S  ratio  respectively.  Actual  kills  are  Monte  Carloed  and  compared 
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against  the  Probability  of  Kill  (PK)  computed  as  a  function  of  range 
and  J/S  or  S/N.  The  SAM  tracks  the  penetrator  until  a  minimum  PK  value 
of  .2  is  attained,  at  which  time  the  site  may  fire  a  missile.  Missile 
sites  which  are  allowed  to  engage  the  penetrators  are  then  tied  up  and 
placed  on  the  event  calendar;  they  are  released  once  the  encounter  has 
terminated.  If  there  is  at  least  one  missile  left  and  there  is  a  pen¬ 
etrator  in  the  SAM  queue,  then  the  SAM  will  engage  another  penetrator. 

If  there  are  no  missiles  or  there  are  no  penetrators  waiting  in  the 
queue,  the  launcher  reloads  as  determined  in  USERF(2)  (Appendix  C, 
lines  210  through  233).  USERF(2)  computes  the  SAM  reload  times,  the 
stockpile  of  missiles  remaining,  and  the  number  of  missiles  left  on  the 
launcher.  If  it  is  determined  that  a  SAM  site's  entire  missile  supply 
is  exhausted,  follow-on  penetrators  will  pass  through  the  SAM  site  cov¬ 
erage  and  are  never  engaged  by  that  site.  If  there  is  no  kill,  USERF(4) 
will  calculate  a  new  position  based  on  a  three  second  interfire  time  and 
will  commence  firing  another  missile.  This  procedure  continues  until 
the  penetrator  Is  killed,  leaves  coverage,  or  the  launcher  Is  out  of 
missiles.  The  priority  given  to  penetrators  waiting  in  the  queue  is 
given  to  the  penetrator  with  the  least  distance  remaining  in  SAM  cover¬ 
age.  If  the  penetrator  is  killed,  ATRIB(5),  the  status  variable,  is 
set  equal  to  one  and  the  penetrator 's  entity  is  sent  to  a  collect  node 
which  gathers  applicable  statistics  on  the  entity.  If  the  penetrator  is 
not  killed,  the  time  out  of  coverage,  ATRIB(8),  is  checked  to  determine 
whether  the  penetrator  Is  routed  back  to  the  next  available  SAM  channel 
for  a  second  encounter  or  exits  the  area  for  the  fighter  area. 

The  second  tier  of  defenses  a  penetrator  can  expect  to  encounter  is 
the  fighter  Interceptor  threat  (AI)  which  will  be  discussed  next. 


Airborne  Interceptor  Threat  (AI 

Surviving  penetrators  from  the  BSAMs  enter  the  fighter  resource 
node  designated  as  FCAP.  FCAP  is  divided  into  two  groups  of  fighters, 

CAP1  and  CAP2.  USERF( 13)  (Appendix  C,  lines  542  through  552)  assigns 
the  penetrator  to  either  CAP1  or  CAP2.  In  CAP1  are  those  fighters  who 
have  only  half  of  their  missiles  remaining  and  are  presumed  to  be  shorter 
on  fuel  than  those  fighters  in  CAP2  which  have  a  full  weapon  load.  The 
CAP1  fighters  are  given  priority  over  those  in  CAP2  for  the  penetrator 
engagement. 

After  CAP  selection  is  determined,  USERF(IO)  (Appendix  C,  lines 
451  through  506)  Is  called  to  generate  the  following  events:  (1)  the 
fighter  tie-up  time,  (2)  the  fighter  arrival  time,  (3)  the  number  of 
missiles  remaining,  ATRIB(16),  (4)  the  kill/no  kill  probabilities,  and 
the  probability  of  detection  and  conversion,  POC,  for  "in"  and  "out" 
of  coverage.  A  confirmed  detection  of  a  penetrator  by  a  GCI  radar  in¬ 
itiates  USERF(IO)  which  eventually  leads  to  either  a  kill  or  no  kill 
condition  for  the  penetrator. 

If  the  Interceptor  passes  the  PDC  check.  It  advances  to  the  end¬ 
game  (missile  firing)  position  where  a  probability  of  kill  check  is 
made.  If  the  PK  check  passes,  the  status  variable,  ATRIB(5),  is  set  to 
one  for  a  kill  and  the  corresponding  entity  is  sent  to  either  a  Bomber 
or  ALCM  collect  node  which  gathers  statistics  on  the  entity.  If  the 
penetrator  Is  not  killed,  the  penetrator 's  out  of  coverage  time,  ATRIB(14) 
Is  checked  to  determine  whether  the  penetrator  Is  routed  back  to  the 
FCAP  queue,  or  exits  the  area  for  the  Terminal  SAM  (TSAM).  If  the  pen¬ 
etrator  survives,  and  sufficient  time  remains  for  a  second  encounter. 


the  time  of  the  next  encounter  will  be  determined  by  USERF(8)  (Appendix 
C,  lines  427  through  437).  USERF(8)  determines  the  time  to  the  next 
GCI  detection  by  using  an  exponential  distribution  with  a  mean  based  on 
XX(45),  the  "cookie  cutter"  radius  of  the  site  and  XX(26),  the  number 
of  GCI  sites  remaining  in  the  system.  If  the  time  of  the  next  encounter, 
ATRIB(9),  exceeds  the  penetrators  planned  time  to  enter  the  TSAM,  ATRIB(14), 
then  the  penetrator  proceeds  to  the  TSAM.  Otherwise,  If  ATRIB(9)  Is 
less  than  ATRIB(14),  then  the  penetrator  Is  routed  back  to  the  AI  queue 
with  a  time  delay  determined  in  USERF(8). 

After  an  engagement,  a  fighter  with  missiles  remaining  is  returned 
to  either  CAP1  or  CAP2.  A  fighter  that  runs  out  of  missiles  proceeds  to 
node  MSLO  and  calls  USERF(14)  (Appendix  C,  lines  555  through  560). 

USERF(14)  computes  the  fighter  turn-around  times  based  on  a  uniformly 
distributed  flying  time  to  return  to  base  (RTB).  It  also  determines 
the  ground  turn  time  to  reload,  refuel,  and  rearm. 

The  third  and  final  tier  of  defense  is  the  Terminal  SAM  which 
will  be  discussed  next. 


Terminal  SAM  (TSAM) 

Penetrators  that  have  survived  the  AI  threat  now  enter  the  Terminal 
zones  designated  as  TMZN  In  the  network.  At  the  TMZN  node,  the  penetra¬ 
tors  are  branched  according  to  ATRIB(15),  the  corridor  status  variable, 
and  ATRIB(ll),  the  zone  status  variable.  It  should  be  noted  that  bombers 
do  not  penetrate  target  Zones  2  or  3,  but  the  bombers  do  launch  SRAM 
missiles  from  a  "safe"  distance  of  the  SAM  envelope.  Bombers  then  pro¬ 
ceed  on  to  target  Zone  4  and  attempt  to  penetrate  the  defense.  In  the 
terminal  area  there  are  a  total  of  18  launchers  protecting  Zones  2,  3, 


and  4. 

Within  corridor  #1  of  the  terminal  area  there  are  three  SAM  sites, 
two  of  which  have  three  launchers  each,  and  the  third  site  protecting 
Zone  4  has  six  launchers  because  It  has  twice  as  many  targets  to  defend. 
The  same  modeling  strategies  that  were  used  for  the  BSAM  are  also  used 
for  the  TSAM.  In  other  words,  the  detection  process  is  determined  In 
USERF(l)  and  the  SAM  engagement  process  is  determined  in  USERF(4)  as 
previously  described.  The  TSAM  network  description  can  be  found  in 
lines  320  through  720  in  Appendix  B. 

Subroutine  8 

All  bombers  and  only  surviving  ALCMs  are  sent  to  Subroutine  8 
(Appendix  C,  lines  805  chrough  930)  labeled  as  Event  node  ZZ  in  the  net¬ 
work.  This  subroutine  determines  the  amount  of  targets  the  penetrators 
attack  based  on  when  they  exit  the  area.  For  example,  if  the  penetra- 
tor  Is  a  bomber  and  is  not  killed.  Subroutine  8  allows  him  six  SRAM  and 
three  gravity  weapon  releases.  If  the  bomber  had  been  killed,  the  time 
of  the  kill  Is  checked  against  the  scheduled  SRAM  launch  times  and,  based 
on  the  time  of  the  kill,  the  bomber  may  release  up  to  six  SRAMs  depend¬ 
ing  upon  the  depth  of  penetration. 

Subroutine  2 

Subroutine  2  (Appendix  C,  lines  686  through  775)  Is  used  in  deter¬ 
mining  the  VAPD  and  PD  calculations  which  are  a  function  of  weapons  del¬ 
ivered.  This  subroutine  computes  and  updates  the  VAPD  variable,  XX(25), 
for  targets  struck  In  Zone  1.  In  addition.  It  determines  the  kill /no 
kill  status  for  the  EW/GCI  sites  and  resets  XX(26),  which  is  the  number 
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of  EW/GCI  sites  remaining.  Finally,  it  determines  the  amount  of  target 
value  remaining  on  a  target  and  stores  the  updated  value  in  a  targeting 
matrix.  See  Appendix  C  lines  686  through  775  for  a  more  detailed  look 
at  this  subroutine. 

Subroutine  OTPUT 

Subroutine  OTPUT,  a  user-written  subroutine,  is  called  at  the  end 
of  each  simulation  run  and  is  used  for  formatting  the  model  output. 
Within  Subroutine  OTPUT  there  are  three  header  subroutines  which  are 
called  to  provide  a  format  of  the  response  variables.  A  complete  list¬ 
ing  of  Subroutine  OTPUT  can  be  found  in  Appendix  C,  lines  1021  through 
1361.  An  example  of  a  simulation  run  output  is  shown  in  Appendix  G. 

The  computer  simulation  model  described  In  this  chapter  allows  for 
a  number  of  factors  to  be  varied.  The  specific  factors  used  in  the  sen¬ 
sitivity  analysis,  and  the  manner  in  which  these  factors  were  allowed 
to  vary  and  Interact  are  described  in  the  next  chapter. 


IV.  Experimental  Design 


The  design  used  In  this  simulation  study  was  approached  In  a  three 
step  process  outlined  below  and  proposed  by  Shannon  (Ref  28:150). 


1.  Structural  Model  -  the  structural  model  Is  described 
by  and  Is  a  function  of  the  number  of  factors  (independent 
variables)  and  the  number  of  levels  of  each  factor. 


2.  Functional  Model  -  the  functional  model  determines 
whether  all  combinations  of  factors  and  levels  will  be 
studied  (full  factorial  design)  or  whether  only  certain 
combinations  will  be  examined  (fractional  factorial  design). 

3.  Experimental  Model  -  this  Is  the  final  step  In  the 
synthesis  phase  of  experimental  design.  This  model  determines 
the  actual  statistical  approach  to  used,  and  the  actual 
levels  of  the  factors  to  be  studied. 


This  chapter  will  explain  the  three  step  systematic  approach  stated 
above  and  will  explain  the  statistical  procedure  selected  In  analyzing 
the  results  of  the  model . 


Structural  Model 

As  stated  earlier,  the  structural  model  consists  of  the  number  of 
factors  and  the  number o^levels  of  each  factor.  The  factors  are  the 
Independent  variables  which  are  to  be  controlled  by  the  experimenter. 
Several  considerations  were  necessary  In  determining  the  number  and 
Identity  of  the  factors  to  be  used.  By  reviewing  the  objectives  from 
Chapter  I  one  can  determine  the  control  and  response  variables.  The 
control  variables  selected  were:  force  mix,  speed,  and  radar  cross  sec- 
tlon  (RCS).  The  response  variables  are  those  variables  that  represent 
the  model  output  and  were  determined  to  be  VAPD  and  probability  of  sur¬ 
vival  of  the  bomber  (PSB). 
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The  next  step  In  designing  the  structural  model  was  to  describe 
the  levels  at  which  each  selected  factor  should  be  measured.  It  was 
desired  to  examine  the  response  variables  over  a  wide  spectrum  of  pos¬ 
sible  factor  levels.  In  order  to  accomplish  this,  the  factors  RCS  and 
speed  were  each  set  at  three  levels.  In  order  to  capture  the  entire 
spectrum  of  changes  in  the  response  variables  due  to  force  mix,  the 
force  mix  factor  was  set  at  five  levels. 

Functional  Model 

In  order  to  meet  the  objectives  of  this  study,  it  was  desired  that 
all  interaction  effects  between  the  factors  be  examined.  Therefore  a 
full  factorial  design  was  chosen  as  the  functional  model  for  this  exper¬ 
iment.  A  full  factorial  design  means  that  all  levels  of  each  factor 
are  to  be  "crossed"  with  all  levels  of  the  other  factors. 

In  order  to  determine  the  number  of  replications  (or  sample  size) 
required  for  each  combination  of  factor  levels,  the  approach  presented 
by  Shannon  (Ref  28:188-189)  was  used. 

Sample  Size  Determination.  First,  since  the  variance ,(J  ,  was 
unknown,  it  was  necessary  to  run  a  trial  experiment  to  obtain  an  estim- 
ate  of  the  variance  (s  )  and  from  this,  the  required  number  of  observa¬ 
tions  could  be  determined.  In  this  study  a  trial  experiment  of  60  sim¬ 
ulation  runs  was  used  to  estimate  the  population  variance.  To  reduce 
the  overall  variance,  a  stratified  sampling  plan  was  used.  Using  a 
stratified  sampling  plan  means  segmenting  the  observations  Into  subsets; 
each  subset  Is  then  sampled  separately  and  the  results  are  combined  Into 
a  single  estimate.  For  example,  the  60  runs  were  divided  Into  6  samples 
of  10  replications  with  each  sample  corresponding  to  a  unique  set  of 
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factor  levels.  The  ultimate  solution  Is  for  the  elements  within  the 
groups  to  be  more  homogenous  (having  less  variation)  than  the  elements 
In  the  population  as  a  whole. 

The  second  step  Is  to  establish  accuracy  requirements  for  the  re¬ 
sponse  variable.  The  response  variable  used  was  Value  Averaged  Prob¬ 
ability  of  Damage  (VAPD).  The  accuracy  requirement  Is  that  the  true 
mean  VAPD  should  fall  within  ±.05  of  the  sample  mean  VAPD  with  98%  con¬ 
fidence. 

2 

Next  the  pooled  estimate,  SJj,  of  the  common  variance  was  determined 

from: 


S 


2 

P 


Zi"i  - 
I  <"t  -  1) 


(36) 


where: 

n.j  »  the  number  of  observations  In  the  trial  sample,  1 
2 

•  the  estimated  variance  from  sample,  1 


From  the  results  of  the  pilot  study: 

*  S*  ■  .0191  • 

2 

From  the  estimated  variance  a  pooled  variance  estimator  (S  )  was  deter¬ 
mined  from: 


S 


2 


(37) 


66 


where: 

S I  •  .0191 
P 

K  *  6,  the  number  of  groups  selected  from  the  total  population 
Solving  equation  (37)  : 


S2  =  .003 


Finally,  to  determine  the  sample  size  required  the  following  equa¬ 
tion  was  used  (Ref  28:189). 


n 


(38) 


where: 

t-.  »  tabulated  t  value  for  the  desired  confidence  interval  and 
71  the  degrees  of  freedom  of  the  Initial  sample. 

d  *  the  half  width  of  the  desired  confidence  Interval 
2 

s  *  the  estimate  of  the  variance  obtained  In  the  trial  experiment. 

Since  the  objective  of  the  design  study  was  to  be  at  least  98%  con¬ 
fident  that  the  sample  mean  of  VAPD  falls  within  ±.05  of  the  true  mean, 
the  following  parameters  are  used  In  finalizing  the  computation  of  sample 
size  determination. 


«  -  2% 

t  »  2.82  with  9  d.f . 
d  ■  ±.05 


therefore  n  ■  9.5  ~  10. 


Thus,  the  minimum  number  of  replications  required  was  ten.  In  order  to 
determine  the  total  number  of  computer  runs,  the  following  expression 
was  used: 


k,  k~ 

p(  v*  V  > 


(39) 


where: 

kj  »  number  of  factors  (Input  variables)  at  3  levels 

qj  *  number  of  levels  for  factor  k^  -  3 

k2  *  number  of  factors  at  5  levels 

q2  *  number  of  levels  for  factor  k2  -  5 

p  ■  number  of  replications 

N  *  total  number  of  computer  runs  required 

Solving  for  N: 

N  -  (10)(3)2(5)1 
N  ■  450  total  runs  required 


Experimental  Model 

The  experimental  design  should  quantify  a  solution  to  the  problem 
statement  of  this  thesis.  Most  experimental  designs  are  based  upon 
using  either  analysis  of  variance  or  regression  analysis  upon  the  data. 
In  general,  analysis  of  variance  Is  used  if  any  qualitative  factors  are 
present,  and  regression  analysis  Is  used  if  all  the  factors  are  quantit¬ 
ative  (Ref  28:163).  Since  the  factors  are  to  be  treated  as  levels  of 
attainment,  they  may  be  thought  of  more  In  qualitative  terms.  For  this 
reason  an  analysis  of  variance  (ANOVA)  approach  was  used.  An  underlying 


assumption  of  ANOVA  Is  that  the  variance  within  samples  Is  homogenous 
(Ref  21:36).  Cochrans  test  was  used  In  checking  for  homogeniety  of  var 
lance.  The  results  of  Cochrans  test  Indicated  the  assumption  of  equal 
variances  was  reasonable.  The  remainder  of  this  chapter  describes  the 
factors  and  factor  levels  used  In  the  experiment. 

The  first  factor.  Force  Mix,  Is  set  at  five  levels: 


* 

/ 


4# 


1.  0  ALCMs  /  40  Bombers 

2.  80  ALCMs  /  32  Bombers 

3.  200  ALCMs  /  20  Bombers 

4.  320  ALCMs  /  8  Bombers 

5.  400  ALCMs  /  0  Bombers 

Any  number  of  force  mix  combinations  could  be  chosen  for  this  analysis, 
however,  by  testing  the  extremes  and  mid-point  values,  one  can  adequately 
measure  the  entire  spectrum  of  force  mixes  upon  which  Inferences  can  be 
drawn. 

The  second  factor,  Speed,  Is  set  at  three  levels,  380,  600,  and 
800  knots.  The  lowest  level  of  speed,  380  knots  Is  representative  of 
present  day  bomber  and  ALCM  speeds.  The  second  level,  600  knots  Is  used 
as  the  limiting  speed  for  projected  subsonic  penetrators.  The  third 
level,  800  knots,  was  chosen  as  the  limiting  speed  for  projected  super¬ 
sonic  penetrators.  It  has  been  stated  that  once  aircraft  are  designed 
for  speeds  above  Mach  1,  life  cycle  and  development  costs  skyrocket. 
Supersonic  speed  at  low  level  does  not  add  more  effectiveness  when  com- 
ared  to  adding  ECM  and  low  RCS  techniques  (Ref  29:110).  It  was  because 
of  this  assertion  that  the  third  speed  level  of  800  knots  was  investigated. 

The  third  factor,  RCS,  Is  set  at  three  levels.  The  lowest  level  is 
representative  of  a  worst  case  RCS  profile  for  each  penetrator.  Sub- 
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sequent  RCS  sets  are  successive  10  dB  Improvements  over  the  worst  case. 
See  Table  2,  page  30  for  a  complete  description  of  the  RCS  values  used 
In  the  model.  The  factors  and  levels  are  summarized  in  Table  4. 

In  summary,  once  the  measure  of  effectiveness  (VAPD),  the  appro¬ 
priate  sample  size,  and  the  experimental  design  were  determined,  the 
experiment  was  run.  The  next  chapter  presents  and  interprets  the  anal¬ 
ysis  of  the  results. 
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Table  4 


\Levels 

Factors'^ 

1 

2 

3 

4 

5 

Force  Mix 

1 

2 

3 

4 

5 

Bombers 

100% 

80% 

50% 

20% 

0% 

ALCM 

0 

20 

50 

80 

100 

Speed 

380  knots 

600  knots 

800  knots 

- 

- 

RCS 

0  dS 

-10  dB 

-20  dB 

- 

- 

The  percentages  for  force  mix  denote  the  percentage  of  the  total 
number  of  offensive  weapons  allocated  to  the  particular  weapon  system. 
RCS  values  are  In  decibel  level  Improvements  from  the  reference  case. 


In  this  chapter  the  analysis  of  the  data  will  be  presented  in  two 
sections.  The  first  section  will  present  the  analysis  for  the  response 
variable,  VAPO  (Value  Average  Probability  of  Damage)  which  is  the 
measure  of  the  proportion  of  the  enemy  target  base  destroyed.  The 
second  section  will  analyze  the  response  variable,  PSB  (Probability 
of  Survival  of  the  Bomber).  The  control  variables  used  are  Force  Mix 
(5  levels).  Radar  Cross  Section  (3  levels),  and  Speed  (3  levels).  Sim¬ 
ulation  runs  were  batched  in  five  groups,  one  for  each  force  mix.  Each 
group  contained  90  sample  runs  (3  levels  of  RCS  x  3  levels  of  Speed  x 
10  replications).  The  data  was  written  onto  a  data  file  which  then 
was  read  into  a  statistical  analysis  package  called  SPSS  (Statistical 
Package  for  the  Social  Sc1ences)(Ref  30).  A  total  of  12  response  var¬ 
iables  were  written  onto  the  data  file  for  model  verification  and  val¬ 
idation  which  will  be  discussed  in  Chapter  VI.  The  following  section 
describes  the  effects  of  Force  Mix,  RCS,  and  Speed  on  VAPD. 

VAPD 

A  three  factor  analysis  of  variance  (ANOVA)  was  run  using  VAPD  as 
the  response  variable.  For  a  more  complete  description  on  how  to 
interpret  ANOVA  results  the  reader  is  referred  to  Chapter  6  of  "Fundam¬ 
ental  Concepts  in  the  Design  of  Experiments,"  by  Charles  R.  Hicks. 
Appendix  H  contains  the  ANOVA  tables  for  all  SPSS  runs.  The  data 
shows  that  all  main  and  Interaction  effects  were  highly  significant. 

Main  Effects.  Speed  and  RCS  were  significant  main  effects  as  would 
be  expected.  Force  Mix  was  also  significant.  Significance,  as  deter- 


mined  by  ANOVA,  only  means  that  at  least  one  level  of  the  factor  was 
statistically  more  significant  than  the  others.  ANOVA  makes  no  infer¬ 
ence  as  to  which  of  the  levels  of  a  factor  yielded  statistically  higher 
or  lower  values  of  the  response  variable.  In  order  to  determine  those 
levels  of  the  factors  that  had  significant  effects  on  the  response  var¬ 
iable  a  series  of  Nevman-Keuls  ranges  tests  were  used  to  determine  the 
significant  differences  between  levels  of  Force  Mix,  Speed,  and  RCS. 

A  statistical  significance  level  of  5%  was  used.  For  a  complete  descrip¬ 
tion  of  the  Newman-Keuls  ranges  test  the  reader  is  referred  to  Refer¬ 
ence  31:235.  Each  level  of  Speed  and  RCS  was  significantly  different 
from  the  other  with  increasing  Speed  yielding  higher  values  of  VAPD  as 
did  higher  levels  (decreasing  cross  sections)  of  RCS.  This  is  consistent 
with  what  one  would  expect  to  occur  with  improved  Speed  and  RCS. 

The  factor.  Force  Mix,  was  analyzed  at  five  levels  with  increasing 
levels  indicating  higher  percentages  of  ALCMs  in  the  total  force.  Force 
Mix  level  one  is  a  100%  Bomber  fore*  while  Force  Mix  level  5  is  a  100% 
ALCM  force.  There  was  no  statistical  difference  between  Force  Mix 
levels  1  through  4.  Group  five,  however,  was  significantly  higher, 
inferring  that  a  pure  ALCM  force  yields  higher  VAPD  over  all  RCS  and 
Speed  groups.  However,  Interaction  effects  were  also  highly  significant, 
especially  Force  Mix  and  RCS.  Interaction  between  two  factors  means  that 
a  change  In  response  between  levels  of  one  factor  is  not  the  same  for 
all  levels  of  the  other  factor.  The  following  subparagraph  will  discuss 
the  Impact  of  the  interaction  effects. 
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FH/RCS  Interaction.  The  most  significant  interaction  effect  was 
the  two-way  interaction  of  Force  Mix  and  RCS.  Figure  10  is  a  plot  of 
the  response  variable  VAPD  as  a  function  of  Force  Mix  (FM)  at  380  knots 
for  three  different  RCS  groups.  In  interpreting  this  graph  and  all  sub¬ 
sequent  graphs  in  this  chapter,  it  is  Important  to  note  that  the  lines 
drawn  between  the  data  points  only  serve  to  emphasize  the  change  in  the 
response  variable  between  levels.  The  fact  that  the  lines  are  straight 
does  not  necessarily  imply  a  linear  relationship.  For  RCS  groups  1  and 
2,  Force  Mix  level  5  dominates  with  a  statistically  higher  value  of  VAPD 
than  all  other  Force  Mix  levels.  Dominance  was  statistically  determined 
via  additional  Newman-Keuls  ranges  tests  using  sub-groups  comprised  of 
individual  levels  of  RCS,  Speed,  and  Force  Mix.  These  tests  will  be 
explained  in  more  detail  in  the  section  on  three-way  interaction  on 
page  79.  At  RCS  level  3,  however,  there  is  no  statistical  difference 
between  the  two  highest  VAPD  values  which  occur  at  the  extremes  of  a 
pure  Bomber  and  pure  ALCM  force.  Figure  11  shows  the  same  plot  for  800 
knots.  At  800  knots  and  RCS  level  3  the  pure  Somber  force  dominates. 

These  effects  are  quite  interesting  and  require  some  explanation. 

At  RCS  level  1  the  pure  Bomber  force  does  very  poorly  no  matter 
what  speed  was  used.  Infusion  of  ALCMs  dramatically  improves  the  results. 
For  all  situations  a  characteristic  rise  In  effectiveness  occurs  between 
Force  Mix  groups  4  and  5.  It  Is  at  these  force  levels  that  the  satura¬ 
tion  and  exhaustion  factors  of  the  ALCM  begin  to  emerge.  At  380  knots 
and  RCS  level  3,  the  overall  capability  of  the  force  at  first  decreases 
with  an  Increasing  proportion  of  ALCMs.  This  implies  that,  on  a  one  to 
one  basis,  the  manned  bomber  with  ECM  Is  a  more  effective  penetrator  at 
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Figure  10  VAPD  vs.  FM  -  Speed  380  knots 


this  RCS  level.  However,  once  the  proportion  of  ALCMs  is  increased  to 
80%,  the  saturation  and  exhaustion  aspect  of  the  ALCM  force  overcomes 
its  lack  of  ECM.  At  800  knots  the  RCS  and  Speed  interaction  is  signif¬ 
icant  in  that  it  pushes  the  pure  Bomber  force  effectiveness  to  .9  which 
is  statistically  significantly  higher  than  all  other  Force  Mix  combinations. 

RCS/Speed  Interaction-; — The  interaction  between  RCS  and  Speed  is 
also  highly  significant  and  warrants  discussion.  Figure  12  is  a  plot  of 
the  response  variable  VAPO  as  a  function  of  RCS  for  the  three  different 
Speed  levels.  The  values  of  VAPO  used  may  be  found  in  Table  5  on  page 
79.  These  values,  shown  in  parentheses  in  Table  5,  are  the  VAPO  results 
of  the  dominant  force  mix  group  or  subset  of  groups  as  determined  by  the 
Newman-Keuls  ranges  tests.  In  Figure  12  one  notices  that,  for  each  RCS 
level,  higher  speeds  yield  higher  VAPD.  However  the  magnitude  of  this 
change  Increases  with  better  RCS.  At  RCS  level  1  the  difference  in  VAPD 
between  Speed  1  and  Speed  3  Is  .10.  However,  at  RCS  level  3  the  differ¬ 
ence  Is  .30.  Thus  speed  and  RCS  are  complementary,  and  together  they 
mutually  enhance  the  effects  on  VAPD. 

FM/RCS/Speed  Interaction.  The  three-way  Interaction  between  the 
factors  was  also  highly  significant.  This  implies  that  the  force  mix 
which  dominates  In  terms  of  maximum  VAPD  Is  highly  dependent  upon  the 
RCS  and  Speed  level  In  question.  In  order  to  further  Investigate  this 
Interaction,  nine  one-way  ANOVAs  were  run  with  VAPD  by  Force  Mix  for 
each  RCS  and  Speed  combination.  A  Newman-Keuls  ranges  test  was  performed 
on  the  means  of  the  response  variable  VAPD  to  test  for  significant  dif¬ 
ferences  amongst  the  Force  Mix  groups.  The  significance  level  used  was 
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5%.  The  following  table  shows  the  dominant  Force  Mix  group  for  each 
combination  of  RCS  and  Speed.  Two  cases  specify  more  than  one  force 
mix  group.  For  these  cases  no  single  force  mix  group  dominates  and 
the  groups  specified  within  the  cell  comprise  a  homogenous  subset  which 
dominates  the  remaining  groups.  The  numbers  in  parantheses  are  the 
means  of  the  variable  VAPD  for  the  dominant  group  or  subset. 
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A  three  factor  ANOVA  using  bomber  survivability  (PSB)  as  the  re¬ 
sponse  variable  was  run  to  determine  the  effect  of  the  factors  RCS, 
Speed,  and  Force  Mix  on  bomber  survivability.  Appendix  H  shows  the 
ANOVA  results  for  this  experiment. 

Main  Effects.  Both  RCS  and  Speed  are  highly  significant  while 
Force  Mix  is  insignificant.  Before  conclusions  can  be  drawn,  an  exam¬ 
ination  of  the  interaction  factors  is  necessary. 

RCS/Speed  Interaction.  Again  RCS  and  Speed  interaction  was  highly 
significant.  RCS/Speed  interaction  was  discussed  in  the  previous  sec¬ 
tion  for  the  effects  on  the  response  variable  VAPD.  This  same  discus¬ 
sion  may  be  extended  for  RCS/Speed  interaction  on  the  response  variable 
PSB  since  survivability  and  value  damage  are  such  highly  correlated 
issues. 

FM/RCS  Interaction.  Figure  13  shows  the  results  for  PSB  plotted 
against  Force  Mix  for  the  three  different  RCS  levels.  The  results  are 
composites  over  all  Speed  groups.  From  this  figure  one  notices  an  im¬ 
mediate  inconsistency  between  the  RCS  levels.  RCS  levels  1  and  2  show 
an  apparent  upward  trend  in  bomber  survivability  with  increasing  ALCM 
force  mixes.  However  at  RCS  level  3  the  opposite  trend  is  evident.  At 
first  glance  this  appears  Inconsistent  and  counter  Intuitive.  Further 
Investigation  is  In  order. 

There  were  three  levels  of  defenses  modeled  In  DILUTE.  These 
were  the  BSAM,  the  AI,  and  the  TSAM.  Three  additional  ANOVAs  were  run 


with  three  factors  each.  The  response  variables  used  were  Probability 
of  Survival  of  the  Bomber  against  the  Band  SAM  (PS3BS),  Probability  of 
Survival  of  the  Bomber  against  the  Terminal  SAM  (PSBTS),  and  the  Prob¬ 
ability  of  Survival  of  the  Bomber  against  the  Airborne  Interceptor  (PSBAI). 
The  ANOVA  tables  for  these  results  are  included  in  Appendix  H.  Figure 
14  shows  the  plot  of  PSBBS  with  Force  Mix.  The  data  is  a  composite  of 
all  Speed  levels.  At  the  BSAM  the  bomber  survivability  Increased  dram¬ 
atically  with  Increasing  ALCM  force  mixes.  At  RCS  group  3  the  results 
were  less  dramatic  because  the  Bomber's  low  RCS  combined  with  ECM  make 
its  survivability  less  dependent  upon  the  saturation  effects  of  the 
ALCM  force. 

The  Impact  on  bomber  survivability  due  to  Force  Mix  at  the  TSAM 
Is  much  less  noticeable  than  at  the  BSAM  as  witnessed  by  the  large  dif¬ 
ference  in  the  F  ratios  for  Force  Mix  between  the  BSAM  and  the  TSAM 
(see  Appendix  H).  In  fact  at  the  1%  level  of  significance  the  hypothesis 
that  there  Is  no  significant  difference  between  Force  Mix  levels  for  the 
TSAM  cannot  be  rejected.  This  Is  as  expected  because  of  the  thinning 
of  the  forces  as  they  enter  the  final  defense  layer.  Also  TSAM  satura¬ 
tion  Is  very  difficult  to  achelve  because  the  offense  cannot  employ 
concentration  of  force  In  attempting  to  penetrate  at  this  phase  of  the 
mission.  Figure  15  shows  the  plot  of  PSBTS  with  Force  Mix.  There  appears 
to  be  no  inconsistencies  of  the  type  displayed  In  the  PSB  analysis. 

The  Inconsistencies  manifested  themselves  In  the  AI  area.  Figures 
16,  17,  and  18  show  PSBAI  and  PSMAI  (Probability  of  Survival  of  the  ALCM 
against  the  AI)  plotted  against  Force  Mix  levels  for  three  different 
speeds.  The  ALCM  survivability  Increases  consistently  with  higher  Force 
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Mix  levels.  RCS  level  3  Improves  ALCM  survivability  against  the  AI  to 
values  approaching  100*  regardless  of  the  force  mix. 

No  such  consistency  Is  evident  for  the  Bombers.  The  Interaction 
here  Is  a  much  more  complex  phenomenon.  In  fact  It  even  appears  that 
In  some  cases  a  Bomber  RCS  Improvement  to  level  3  actually  decreases 
Somber  survivability  agains  the  AI.  In  order  to  explain  this  phenomenon 
it  will  be  useful  to  restate  some  of  the  basic  structure  of  the  model 
DILUTE  and  to  re-emphasize  a  certain  feature  of  the  experimental  design. 

In  DILUTE,  detection  by  ground  sites  is  Independent  of  RCS  due 
to  the  excess  radar  transmitter  power  of  these  sites.  However  in  the  AI 
encounter,  a  flgher's  Probability  of  Detection  and  Conversion  (PDC)  is 
heavily  diqienderit on  RCS  because  it  is  technologically  Infeasible  for  a 
fighter  to  carry  a  radar  with  as  large  a  power  output  as  the  ground 
site.  When  an  ALCM's  RCS  is  enhanced  to  level  3,  the  AI"s capabil Ity  to 
find  the  ALCM  is  severely  degraded  to  an  average  PDC  of  approximately 
5%.  This  causes  the  fighter  not  to  spend  time  either  engaging  the  ALCM 
or  using  up  his  missile  resources  and  having  to  land  and  rearm.  This 
makes  the  fighters  more  readily  available  to  engage  the  bomber.  In 
the  design  of  this  experiment.  Bomber  RCS  was  not  varied  Indepndently 
of  ALCM  RCS.  Thus,  when  the  bombers  experienced  a  20  dB  Improvement  in 
RCS  so  did  the  ALCM. 

To  summarize,  the  effects  of  bomber  survivability  with  Increasing 
proportions  of  ALCMs  In  the  force  is  significant  at  the  BSAM  with  defense 
dilution  by  the  ALCM  enhancing  the  bomber's  chances  of  survival.  It 
Is  questionable  whether  the  same  can  be  said  of  the  TSAM.  While  the 
trend  shows  an  Improvement  In  bomber  survivability  at  the  TSAM  with 
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Increasing  ALCM  force  proportions,  the  results  are  much  less  signific¬ 
ant  than  the  BSAM  results.  Increasing  proportions  of  ALCMs  In  the 
force  had  a  marked  detrimental  effect  to  bomber  survivability  In  the 
AI  encounter  at  RCS  level  3  because  the  fighters  could  not  engage  the 
ALCM  leaving  more  fighter  resources  available  to  engage  decreasing  num 
bers  of  bomber  penetrators. 

This  chapter  has  explained  the  analysis  of  the  data  obtained  In 
the  experiment.  The  next  chapter  explains  the  verlfication/validatlon 
of  the  model . 
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Verlflcatlon/Validatlon 


In  order  to  establish  credibility  In  the  results  of  any  simula¬ 
tion  modeling  effort  a  "validation"  process  must  be  undertaken.  There 
Is  no  clear  line  distinguishing  between  what  Is  called  verification  and 
what  is  referred  to  as  validation.  Fishman  and  Kivlat  (Ref  33:30)  dlv- 
1de~the-evaluat1on  of  simulations  into  three  categories: 


(1)  verification  -  Insures  that  the  model  behaves  as  the 
modeler  intended  It  to  behave. 

(2)  validation  -  tests  the  agreement  between  the  behavior 
of  the  model  and  that  of  the  real  system. 

(3)  problem  analysis  -  draws  statistically  significant 
Inferences  from  the  data  generated  by  the  model. 


Problem  analysis  was  discussed  In  detail  in  the  previous  chapter.  The 
remainder  of  this  chapter  Is  devoted  to  establishing  credibility  In  the 
results  obtained  from  the  model  DILUTE.  The  chapter  is  divided  into 
two  parts.  Part  one  deals  with  verification  and  part  two  contains  a 
discussion  of  validation. 


Verification 

The  process  used  In  model  verification  may  be  divided  Into  three 
parts.  These  parts  are:  Network  Construction,  FORTRAN  Subprograms,  and 
the  TRACE  Option. 

Network  Construction.  The  flows  of  the  penetrators  were  modeled 
on  a  network  pattern  with  the  three  tiers  of  defenses  (BSAM,  AI,  and 
TSAM)  and  verified  one  tier  at  a  time.  As  each  layer  was  added  the 
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flows  Into  and  out  of  each  section  were  checked  for  consistency.  In 
order  to  accomplish  this,  a  tally  was  kept  of  the  number  of  entitles 
which  completed  certain  key  activities.  The  tallies  are  tracked  within 
SLAM  by  the  array  NNCNT(I)  which  represents  the  number  of  times  activity 
number  I  was  accomplished.  For  example.  In  tracking  the  transactions 
through  corridor  number  one  of  the  Band  SAM  the  following  network  rela¬ 
tionships  are  noted: 


#  of  Pens 

#  of  Pens 

#  of  Pens 

#  of  Pens 

#  of  Pens 

entering 

=  not  detected 

escaping 

killed  by 

surviving 

corridor  1 

and  thereby 

BSAM  due  to 

BSAM 

BSAM 

w 

BSAM 

bypassing  BSAM 

SAM  saturation 

engagement 

engagement 

These  relationships  are  expressed  mathematically  by: 

NNCNT(I)  *  NNCNT(78)  +  NNCNT(9)  +  NNCNT(7)  +  NNCNT(8) 

See  Appendix  A  for  the  arcs  which  these  activity  numbers  represent.  If 
this  equation  had  not  balanced,  it  would  have  pointed  out  problems  In 
the  network  flow. 

FORTRAN  Subprograms.  The  user  functions  were  computerized  and 
verified  separately.  The  verification  was  accomplished  with  TI-59  hand 
calculations.  The  most  complex  functions  modeled  were  the  calculation 
of  the  Probability  of  Damage  on  a  target  and  the  mini-simulation  of  the 
SAM  encounter.  Program  PSI  was  used  to  calculate  target  PD.  The  Inputs 
for  this  program  are  weapon  yield,  height  of  burst,  miss  distance,  and 
target  vulnerability.  An  example  of  the  output  with  Intermediate  cal¬ 
culations  Is  Included  In  Appendix  I. 

Program  SAX  was  developed  as  a  one-on-one  slmulalton  of  the  SAM 
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encounter.  Inputs  are  penetrator  type,  speed,  RCS  group,  missiles 
remaining  on  the  launcher,  distance  offset  from  the  site,  range  of 
Initial  detection,  and  time  of  entering  and  time  of  exiting  coverage. 

A  sample  output  of  SAX  Is  also  Included  In  Appendix  I. 

TRACE  Option.  The  TRACE  function  of  SLAM  Is  an  option  that  Is 
Invoked  In  order  to  track  events  and  Individual  entitles  with  their 
attributes  through  the  network.  This  option  was  used  throughout  the 
building  phase  of  the  computerized  model.  Data  from  a  TRACE  report  has 
been  extracted  and  Is  included  In  Appendix  I. 

Validation 

While  verification  is  the  process  of  building  confidence  In  the 
results  obtained  from  the  model,  validation  Is  the  process  of  building 
confidence  that  the  model  behaves  as  would  the  real  system  (Ref  33:v). 
Actual  statistical  comparisons  between  model  output  and  the  real  world 
would  be  an  Ideal  validation.  Such  a  validation  Is  certalntly  Impossible 
for  the  model  DILUTE  because  the  real  world  that  DILUTE  models,  strategic 
penetration  of  enemy  territory  In  a  nuclear  war,  has  yet  to  occur.  Other 
methods  must  be  found  to  build  confidence  In  the  model  output. 

Schleslnger  (Ref  34:927-933)  suggests  validating  models  by  estab¬ 
lishing  the  reasonableness,  or  face  validity  of  the  model.  He  divides 
this  Into  tests  for  continuity,  consistency,  degeneracy,  and  Internal 
validity.  These  tests  are  discussed  in  the  remainder  of  this  chapter. 

Continuity.  Continuity  Is  tested  by  Insuring  that  changes  In  the 
output  data  are  commensurate  with  changes  In  the  input  data.  This  process 
Is  thoroughly  documented  In  Chapter  V,  Data  Analysis.  The  results  of 
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Chapter  V  show  that  penetrator  survivability  and  damage  levels  responded 
as  expected  with  higher  penetrator  speeds  yielding  higher  values  of  sur¬ 
vivability  and  damage  levels  as  did  Improved  Radar  Cross  Sections. 

Consistency.  Consistency  Is  tested  by  Insuring  that  the  model 
yields  similar  results  when  similar  cases  are  run.  DILUTE's  runs  were 
tested  for  consistency  with  various  random  number  streams  which  yielded 
statistically  similar  results  for  the  same  input  data. 

Degeneracy.  Degeneracy  Is  demonstrated  when  parameter  values  are 
chosen  In  order  to  eliminate  a  feature  of  the  model  and  then  the  model 
reacts  as  If  the  feature  Is  not  there.  For  example,  in  DILUTE, satura¬ 
tion  and  exhaustion  of  the  defenses  was  a  major  feature  that  was  modeled. 
It  was  hypothesized  that  saturation  was  to  play  a  major  role  In  force 
effectiveness  when  a  high  proportion  of  ALCMs  was  used  and  not  so  large 
a  role  when  a  high  proportion  of  bombers  was  used.  Two  samples  of  10 
runs  each  were  accomplished  with  saturation  eliminated.  Saturation  was 
eliminated  by  allowing  the  SAM  launchers  to  be  loaded  with  100  missiles 
each  (Instead  of  4)  at  the  start  of  the  simulation.  The  values  of  the 
control  variables  for  each  sample  were: 

Force 

_ Mix  RCS  Speed 

sample  #12  3  3 

sampl  e  #2  5 _ 3 _ 3 

Two  response  variables  were  chosen.  The  first  variable  was  VAPD,  which 
was  the  primary  Measure  of  Effectiveness  of  the  model .  The  second 
response  variable  Is  Probability  of  Escaping  the  Band  SAM  (PESCBS)  which 
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Is  the  proportion  of  the  total  number  of  penetrators  escaping  the  Band 
SAM  threat  due  to  saturation.  The  mean  values  of  the  response  variables 
are  shown  below: 


_ MEfi _ EESCffiS _ 

4  msls/  100  msls/  4  msls/  100  msls/ 
_ launcher  launcher  launcher  'launcher 

Force  Mix  -  20*  ALCM  .79  .77  .211  .208 

"  100*  ALCM  .67  .02  .645  .003 


As  can  be  seen  from  the  values,  changing  the  number  of  missiles  per 
launcher  had  an  Insignificant  effect  on  force  effectiveness  and  sat¬ 
uration  when  the  force  consisted  of  only  20*  ALCM.  However  when  the 
force  was  comprised  of  all  ALCM  the  results  changed  dramatically. 

Internal  Validity.  Internal  validity  is  established  if  the  model 
responds  as  expected  when  runs  are  made  wfth  certain  factors  set  well 
beyond  the  limits  of  the  study.  DILUTE  was  sampled  at  200  knots  and 
at  2000  knots.  The  conditions  of  the  sample  runs  were: 


FM 

RCS 

Speed 

Replications 

#1 

2 

3 

200 

10 

#2 

2 

3 

2000 

10 

The  results  of  these  runs  along  with  the  results  of  the  design  study 
using  the  established  values  of  Speed  are  shown  below: 

200K  380K  600K  800K  2000K 
VAPD  .40  .52  .67  .77  .94 


The  results  show  that  the  response  variable  VAPD  demonstrates  consistency 
at  the  extremes. 


Another  check  that  was  made  was  to  change  one  of  the  assumptions 
of  the  model  and  see  that  the  variable  VAPO  behaved  as  expected.  DILUTE 
Is  modeled  with  a  weapon  to  target  ratio  of  2:1.  A  check  of  the  response 
of  the  variable  VAPD  was  made  with  a  weapon  to  target  ratio  of  1:1. 

Ten  runs  were  accomplished  with  the  control  variables  set  at: 

FM  3  4  (80%  ALCM) 

RCS  *  3 

Speed  *  600  knots 

The  mean  value  of  VAPD  was  .11  as  compared  with  a  VAPD  of  .52  with  a 
2:1  weapon  to  target  ratio.  Due  to  the  saturation  aspects  of  this  force 
mix,  the  effectiveness  more  than  doubled  when  the  weapon  to  target  ratio 
was  doubled.  Therefore  this  establishes  the  Internal  validity  of  the 
model . 

In  summary,  model  verification  was  accomplished  by  verifying  each 
phase  of  the  model  as  It  was  constructed.  The  design  of  the  model  lent 
Itself  to  this  by  the  structuring  of  tiers  of  defenses  and  by  modular 
FORTRAN  subroutines.  Internal  verification  was  built  In  by  tracking 
activity  counts  throughout  the  stages  of  the  network.  The  TRACE  report 
was  used  extensively  In  tracking  Individual  penetrators  through  the  net¬ 
work.  Model  validation  was  accomplished  by  building  confidence  In  the 
face  validity  of  the  results.  Basically  this  was  accomplished  by  a  sen¬ 
sitivity  analysis  on  the  control  variables  and  by  checking  the  response 
of  the  model  when  certain  assumptions  were  varied. 


VII.  Conclusions  &  Recommendations 


This  thesis  was  devoted  to  developing  a  mini-campaign  model  for 
studying  the  effectiveness  of  various  ALCM/manned  penetrator  force  mix 
combinations.  This  chapter  is  divided  into  two  parts.  Part  one  con¬ 
tains  the  conclusions  reached  through  this  study  effort.  Part  two  con 
tains  recommendations  based  on  the  analysis  of  the  results  obtained 
from  the  model  DILUTE. 

Conclusions 

The  conclusions  of  this  thesis  effort  are: 

1.  Given  the  structure  of  this  experiment,  significant 
differences  do  exist  between  force  mix  combinations  of 
ALCM  and  manned  bombers,  however  the  results  are  highly 
dependent  upon  the  factors  of  RCS  and  Speed. 

2.  Bomber  survivability  against  the  peripheral  defense 
of  the  BSAM  can  be  significantly  enhanced  if  the  bombers 
are  used  In  concert  with  cruise  missiles  due  to  the  defense 
dilution  aspect  of  the  ALCM.  The  same  effect  Is  true 
against  the  AI  as  long  as  the  AI  has  a  reasonable  chance 
of  detecting  the  ALCM.  When  the  AI  could  not  detect  the 
cruise  missile,  bomber  survivability  decreased  because  more 
fighter  resources  were  available  to  engage  the  bomber. 
Enhancement  of  bomber  survivability  by  ALCM  dilution  at 
the  TSAM  Is  not  statistically  significant  at  the  IX  level. 

3.  Pure  forces  dominate  mixed  forces  as  can  be  seen  In 
Table  5.  The  dominant  characteristics  of  the  forces  are 
ECM  for  the  bomber  and  saturation  for  the  ALCM.  The  results 
of  the  study  Imply  that  for  a  force  to  be  effective,  one  of 
these  aspects  must  be  exploited. 


4.  The  decisions  on  force  mix  are  heavily  dependent  upon 
RCS  and  Speed  Improvements.  At  the  low  end  of  the  spectrum 
of  these  factors  the  pure  ALCM  force  dominates.  RCS  and 
Speed  Improvements  significantly  enhance  the  bomber's  ECM 
capability  causing  a  pure  bomber  force  to  dominate  at  the 
higher  levels  of  RCS  and  Speed. 

The  results  of  the  experiment  also  led  to  some  conclusions  which 
did  not  directly  relate  to  the  objectives  of  the  thesis  effort.  These 
conclusions  are: 

1.  Speed  and  RCS  are  complementary  and  together  they 
mutually  enhance  value  damage. 

2.  It  is  evident  from  Figure  12  that  the  change  in  mission 
effectiveness  is  greater  for  a  speed  improvement  from  380 
knots  to  600  knots  than  from  600  knots  to  800  knots.  This 
implies  decreasing  marginal  benefits  in  effectiveness  with 
higher  speeds. 

Recommendations 

As  was  noted  in  the  data  analysis  section,  the  manned  bomber  with 
an  enhanced  RCS  and  Speed  profile  was  a  much  more  effective  weapon  system 
than  the  ALCM.  This  was  evident  because  as  the  ALCM  force  percentage 
was  increased  there  was  a  substantial  drop  in  effectiveness  until  the 
ALCM  force  size  was  increased  to  the  point  of  defense  saturation  at 
which  point  ALCM  effectiveness  began  to  rise.  At  improved  RCS  and  Speed 
levels  the  ALCM,  even  with  significantly  lower  radar  cross  sections  than 
the  bomber,  could  not  compete  on  a  one  for  one  basis  with  the  manned 
penetrator.  The  difference:  ECM.  For  this  reason  the  authors  conclude 
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that  Immediate  research  be  undertaken  to  implement  an  ECM  equipped  ALCM. 
Assuming  that  this  Is  feasible,  ECM  should  be  given  priority  over  fur¬ 
ther  RCS  reductions  on  the  ALCM. 
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VIII.  Recommendations  for  Follow-On  Study 

This  research  effort  could  not  address  all  aspects  of  the  system 
studied  or  answer  all  the  questions  that  need  to  be  asked.  Some  rec¬ 
ommended  areas  for  follow-on  study  concerning  strategic  force  mix  op¬ 
tions  are  discussed  In  the  following  paragraphs. 

As  mentioned  In  the  previous  chapter,  an  ECM  equipped  ALCM  was 
recommended  as  a  future  generation  unmanned  penetrator.  Research  needs 
to  be  done  to  determine  the  tradeoffs  between  ECM  power  added,  range 
degradation,  and  targets  destroyed. 

Saturation  played  a  major  role  In  ALCM  effectiveness.  The  use  of 
decoys  should  be  Investigated  to  determine  If  saturation  levels  could 
be  acheived  In  a  cheaper  manner. 

Since  saturation  does  play  such  a  major  role  in  ALCM  force  effective¬ 
ness,  a  sensitivity  analysis  could  be  done  on  the  defense  concetratlon 
levels.  While  the  defense  levels  were  carefully  researched  and  are  rep¬ 
resentative  of  high  threat  target  areas,  a  study  could  be  done  to  deter¬ 
mine  the  sensitivity  of  the  results  to  changes  In  defense  strength. 

The  ALCMs  and  Bombers  were  traded  off  on  a  warhead  for  warhead 
basis.  Assuming  the  bomber's  weapon  load  was  ten  offensive  weapons,  the 
tradeoff  of  ALCMs  to  bombers  was  10:1.  A  study  could  be  done  analyzing 
the  tradeoffs  between  equal  cost  forces.  In  costing  the  ALCMs  the  cost 
of  the  ALCM  carriers  needs  to  be  Included. 

Overpressure  and  target  damage  response  was  carefully  modeled  with 


extensive  detail.  This  allows  for  studies  to  be  accomplished  using  a 
wide  range  of  target  types.  In  this  study  the  penetrators  attacked 


relatively  soft  urban/industrial  targets.  Research  could  be  done  using 
hardened  targets  or  a  mix  of  target  types. 

DILUTE  was  a  force  on  force  model  of  offense  vs.  defense.  How¬ 
ever,  the  ECM  engagements  were  modeled  on  a  one  on  one  basis.  This  is 
offense  conservative  in  that  bombers  flying  in  the  vicinity  of  cruise 
missiles  could  provide  "buddy"  standoff  ECM  support.  This  is  also  a 
limitation  that  has  been  identified  in  the  APM  (Advanced  Penetrator 
Model)  by  Hoeber  (Ref  10:104). 

ECM  effectiveness  against  the  SAM  was  explicitly  modeled  by  estab¬ 
lishing  weapon  CEP  as  a  function  of  range  and  J/S  noise  ratio.  However 
ECM  effectiveness  against  the  AI  was  implicitly  modeled  using  an  ECM 
factor  derived  from  an  existing  model  (this  same  approach  Is  also  used 
In  APM).  The  same  methodology  used  in  the  SAM  encounter  could  be  in¬ 
corporated  into  the  AI  engagement  by  calculating  weapon  CEP  as  the 
fighter  closed  on  the  penetrator. 

One  advantage  of  the  manned  bomber  that  was  not  modeled  was  the 
ability  of  the  bomber  to  perform  damage  assessment  (DAS)  to  determine 
whether  to  strike  a  target  or  to  withold  the  weapon  for  use  on  an  un¬ 
struck  target.  Presently  In  DILUTE  If  a  bomber's  target  has  been  des¬ 
troyed,  the  bomber  still  delivers  a  weapon  on  the  target.  This  adds  no 
value  to  the  total  value  destroyed  computation.  Meanwhile  there  are 
other  targets  that  go  unstruck.  While  it  is  reasonable  to  assume  no 
DAS  for  SRAM  missiles  fired  In  the  forward  azimuths,  the  bomber  gravity 
weapons  could  be  used  with  DAS  employment  methods. 

A  more  extensive  statistical  analysis  could  be  accomplished  using 
response  surface  methodology  (RSM).  Shannon  (Ref  28:169-171)  states 
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that  If  the  dependent  (VAPD)  and  Independent  (FM, Speed,  RCS)  variables 
are  quantitative  and  continuous,  RSM  is  usually  the  most  appropriate 
approach  to  use  In  determining  optimality  in  simulation  projects.  RSM 
involves  a  series  of  small  experiments  with  a  full  or  fractional  fac¬ 
torial  design  in  order  to  explore  the  response  surface.  Once  the  peak 
of  the  surface  (optimum)  condition  is  found  one  needs  to  determine  the 
equation  of  the  response  surface  as  a  function  of  the  independent  var¬ 
iables  In  the  area  near  this  optimum.  More  underlying  philosophy  and 
use  of  RSM  techniques  can  be  found  in  a  number  of  other  textbooks  in¬ 
cluding  "The  Design  and  Analysis  of  Industrial  Experiments",  by  Davies, 
"Experimental  Design",  by  Cochran  and  Cox,  and  "Fundamental  Concepts  in 
the  Design  of  Experiments" ,  by  Hicks. 

The  areas  mentioned  in  this  chapter  are  the  major  aspects  of  DILUTE 
that  could  be  expanded  and  studied.  It  is  impossible  to  say  whether  or 
not  incorporation  of  any  or  all  of  these  features  would  significantly 
affect  the  output  of  the  model.  DILUTE,  in  its  present  form,  does  accom¬ 
plish  the  purpose  for  which  it  was  designed  to  the  necessary  degree  of 
accuracy. 
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APPENDIX  A 

SLAM  STRUCTURAL  MODEL 
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APPENDIX  B 
SLAM  COMPUTER  MODEL 
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RES0URCE/L11SAH13U1 .22. 

RES0URCE/L12SAN13(1)  .23*. 

RES0URCE/L13SAN1411) .24! 

RES0URCE/L14SAN14111 .25*. 

RESOURCE/LlSSANUd!  .241 
R£S0URCE/L14SAH14(1) .275 
RESOURCE/L17SAN14(l) .281 
RES0URCE/L18SAH14(1I.29? 

RES0URCE/L19SAM23 (1) .38? 


120 


51 

RE$0URCE/L28$AN23(l),3r» 

52 

RES0URCE/L21SANZ3  (11,32! 

53 

RESQURCE/L22SAM22 ( 1 1 . 33 1 

54 

RE$0URCE/L23SAR22(U »34? 

55 

RESOURCE / L24SAM22 (1 1 i 35 1 

56 

CREATE, RLOCNIXX (33)  i  XX (46) ) ,8. ,28,28, 1 !  BORBER  ARRIVALS 

57 

ACT/11 

58 

5008,1! 

59 

ACT,,l8(CNT(l).5T.Xllt)»TN15 

6» 

ACT,  »NKCNT(D.E8.1,  INTI! 

61 

ACTmNNCNT(I)  .LE.XX(l),ASNl» 

62 

TNI 

TERMINATE! 

63 

INTI 

EVENT, lit! 

64 

ASNt 

ASSIGN, ATRIBU)  :t.,ATR!B(2)*XX(3),  ATRIBU)  *XX  (4), 

65 

ATRlB(4)xXX(5) ,  ATRIBU  t)*l.,ATRlBll5)*t.,l! 

66 

ACT/985 

67 

TCTl 

EVENT, 9,1! 

68 

ACT,,, BARI! 

69 

CREATEiRNORKUX (34) ,XX1471),. 1,28, 288*1!  ALCR  ARRIVALS 

78 

ACT/2! 

71 

COON* If 

72 

ACT, (NKCKT (2) .GT.IX(ll)»TN2» 

73 

ACT , *NMCNT 12) .EO. 1,  INT2S 

74 

ACT„NNCNT(2).LE.XI(U),A$N2! 

75 

TN2 

TERMINATE! 

76 

INT2 

EVENT, l.l! 

77 

ASN2 

ASSIGN* ATRIB(1)=2, ATRIB(2)*XX(13) ,ATRIB(31*XI(14) , 

78 

«TRI8(4) =XX  (15)  »ATRIB<  15)  *1 . ,  ATRIBU 1 1  -USERF  (9) ,  t ! 

79 

ACT/9t,,ATRIB(ll).EQ.l.,TCT2> 

88 

ACT/92,*ATRlB(ill  .E8.2..TCT2! 

81 

ACT/93,, ATRIB(ll)  .E8.3.»TCT2! 

82 

ACT/94, ,ATRIB(11I.E0.4.,TCT2! 

83 

TCT2 

EVENT, 18,1! 

84 

ACT*,, BARI! 

85 

BARI 

COON*!! 

86 

ACT/ 18! 

87 

ASSICN*ATRIB (18) -NNCMT ( 181 *ATRIB( 17) =USERF ( 1) * 1! 

88 

ACT /78,ATRIB(8) -THOU, ATR1B(5).LT.I,FTR! 

89 

ACT/5* ,ATR1B(5).E0.1! 

98 

COON, 2! 

91 

ACT*ATR1S(6)mSAN1! 

92 

ACT , , ,ESC1! 

93 

SMI 

AUA1T (l) iSAdXl/lri! 

94 

EVENT, 3,1! 

95 

ASSIGN, ATRIBU)  *USERF(12M! 

96 

ACT,, ATRIBU)  .ER.1,11! 

97 

ACT,,  ATRIBU). EO.  2, 12! 

98 

ACT,,  ATRIBU)  .EQ.3,L3! 

99 

11 

ANAIT (3) tLlSAMX 1 / 1 , l! 

IN 

ACT, USERF  (4)! 

121 


111 

C00N.2! 

112 

ACT  >  *ATRIB(5> .EO.f.AND.TNQN.LT .ATRIB(81 .RTNl! 

t«3 

ACT/17,,ATRIB(5).E0.#.AND.TN0N.CE.ATRIB(8),FTR! 

114 

ACT i tATRlB(5) .E0.1.KIL15 

IK 

ACT*  ,U(19)  .EQ.f.OR.NNOU)  .EQ.ftLDlS 

If4 

ACT? 

117 

COOR. 11 

IK 

ACT  tUSERF (18) *  *FLlt 

IK 

RTNl 

COON • 21 

Ilf 

ACT/11,,, SAMI! 

111 

ACT.uESCl! 

112 

KILi 

COLCT.BETNEEMENS  KILLED  SAN1»„»2! 

113 

ACT/7,,ATRl8(t) .E8. 1 »BK1I 

114 

ACT/8, »ATRIB(1).E0.2.CNK1 5 

113 

8K1 

COLCT t BETWEEN* BHBR  KILLS  SAM1„„1! 

116 

ACTm.TNSI! 

117 

emu 

COLCT, BETNEEN.CR  KILLS  SANi„»,l! 

118 

ACTii.TNSti 

119 

TUSt 

TERMINATE*. 

121 

LD1 

COON, 1! 

121 

ACT,USERF(2)S 

122 

FL1 

FREE.L1SANX1/1.1! 

123 

ACTmFRSl! 

124 

C 

125 

12 

ANAIT(4),L2SANXi/l»t! 

126 

ACT tUSERF (41! 

127 

COON, 2! 

128 

ACT , , ATRIB (3> .EO.f. AND. TNON.LT . ATR1B18) .RTNl! 

129 

ACT/18, .ATRIB (5) .EO.f . AND.TN0U.CE.ATRIB(81 ,FTR! 

13f 

ACT, ,ATRIB(3).E0.1, KILI! 

131 

ACT ,  ,11  (21)  .EO.f.QR.NNO(l)  .EO.f ,LD2? 

132 

ACT! 

133 

COON.l! 

134 

ACTtUSERF (18) , ,FL2S 

133 

LD2 

COON.l! 

136 

ACT,USERF(21! 

137 

FU 

FREE,L2SAN11/1,1S 

138 

ACTm.FRSI! 

139 

C 

14f 

L3 

AUAIT (5) ,L3SAN1 1/ 1 , 1 ! 

141 

ACT,0SERF(4)1 

142 

COON, 2! 

143 

ACT,  ,ATRIB(3)  .EO.f.  ARD.TNON.LT.  ATRIK8) , RTNl ! 

144 

ACT/19, »ATR1B(3) .EO.f .ANB.TN0N.CE.ATRIB(8) .FTR! 

143 

ACT . , ATRIB (3) .EO. 1 .KILI ! 

146 

ACT„H(2l)  .EO.f  .OR.WQU)  .EO.f  «LD3! 

147 

ACT! 

148 

COON.l! 

149 

ACT,USERF(18)„F13! 

13# 

U3 

COON.l! 

122 


151 

ACT  ,USERF  (2) 5 

152 

FL3 

FREE,L3SAM11/1»1? 

153 

ACT,,,FR$l? 

15* 

FRS1 

FREE,SAHll/l,li 

155 

TEJW1HATE1 

15* 

ESC1 

GOOMtli 

157 

ACT/?»ATRlB(8)-TN0Ui 

158 

EVENT, 11,1! 

15? 

KhttFW 

1*# 

C 

1*1 

C 

1*2 

C 

1*3 

C 

1*4 

CREATE, RL0GN(ni33),n(4*)),. 3,21,21,1?  BOMBER  ARRIVALS 

1*5 

ACT/3? 

l** 

GOQN*l! 

1*7 

ACT  >  »NNCNT  (3)  .CT.  IX  (2) ,  TN3? 

1*8 

ACT  >  f  NMCNT  (3)  .LE.XK2)  ,ASN3? 

1*? 

TH3 

TERMINATE? 

171 

ASN3 

ASSIGN, ATRIB ( 1) =1 . ,  ATR1B  (21  *U(3) ,  ATRIB  (31  -U  (4) , 

171 

ATRIBU)  -II  (5)  ,ATRlB(tt)*t .  ,ATR1B(15W.  ,1? 

172 

ACT/95? 

173 

TGT3 

EVENT,?, 1? 

174 

ACT„,BAR2? 

175 

CREATE,  RN0RM(n(34? .  H(47)J ,  .2,21,211, 1? 

17* 

ACT/4? 

177 

MON,  11 

178 

ACT  „NNCNT  (4)  .CT  .11  1 12)  ,TB4? 

17? 

ACTmNMCNT  (4)  .11.11(12)  ,ASN4? 

181 

TN4 

TERMINATE? 

181 

ash* 

ASSIGN, ATRIBll) S2.,ATRIB(2)SXI( 13) ,ATRIB(3) =11(14), 

182 

ATRIB  (4)  SU  ( 15) ,  ATRIB  1 15)  *2. ,  ATRIB  (11)  *USERF  (3) ,  1 

183 

ACT/?*„ATR1B(U)  .EQ.1.,TGT4? 

184 

ACT/97,  ,  ATRIBdl?  .EG. 2.  ,TGT45 

185 

ACT/98,  .ATRIBdl)  .E8.3.  ,TCT4? 

18* 

ACT/9?t,ATRIB(U).E8,4.,TCT4! 

187 

TC74 

EVENT, If, 1? 

188 

ACT„,BAR2? 

18? 

mi 

COON.15 

l?» 

ACT/12? 

191 

ASSIGN, ATRIBdl)  *NNCNT(12)+1H#.  ,ATRIB(17)  *USERF(1)  ,1? 

l?2 

ACT /7?» ATRIB (8) -TNON, ATRIB (5) . E8 .1 . ,FTR? 

m 

ACT/*, ,ATRIB(S) .EG.l, ! 

l?4 

COON, 2! 

m 

ACT,ATRIB(*)mSAM2? 

i?* 

ACT,,,ESC2? 

w 

SAW 

ANAIT12) ,SAHX2/l,l? 

m 

EVENT, 3,1? 

m 

ASSIGN,  ATRIB(*)*USERF(12)  ,1? 

2M 

ACT , , ATRIB (*) .EG. 4. *145 

123 


211 

ACT,.ATR1B(6).£Q.5..L5! 

212 

ACT..ATR1B(6).£Q.6.,L6S 

213 

L4 

AHAIT  (6)  .L4SAHX2/ l » l ! 

214 

ACT.USERF(41! 

215 

GOON.ZS 

2U 

ACT. »ATRIB(5) .EQ.I.  .AND.  TNOH.LT .ATRIB(8)  »RTN2! 

217 

ACT/22.  »ATRIB(5) .EQ.I.  .AND.  TN0H.GE.ATRIB(8).FTR!  PEN  ESC 

2N 

ACT, ,ATRIB(5) .EQ.I. .KIL25 

219 

ACT,. IX (22) .EQ.I.  .OR.  NNQdl.EQ.I  »LD4! 

21» 

ACT? 

211 

COON.lt 

212 

ACT»U$£RF(181»»FL4  ! 

213 

RTN2 

C00N.2. 

214 

ACT/21 ...SAH2! 

215 

ACT...ESC2! 

214 

KlU 

COLCT.BETTIEEN.PENS  KILLED  SAK2....2. 

217 

ACT/25. iATRIB(I). EC. 1..BK2! 

218 

ACT/26 1  tATRIB ( 1 ). EQ.2. .CHK2 i 

219 

BK2 

COLCT.BETNEEM.BHBR  KILLS  SAH2....1S 

221 

ACT . . .THS2T 

221 

CHK2 

COLCT.BETICEM.CN  KILLS  SAM2.fi. IS 

222 

ACT...THS2! 

223 

THS2 

terminate; 

224 

L84 

COON. 11 

225 

ACT, (KERF (21!  RELOAD  LAUNCHER  l.BSAHIZ 

226 

FL4 

FREE.L4SANX2/1.H  RELEASE  LAUNCHER  1 

227 

ACT...FRS2!  RELEASE  A  SAM  CHANNEL  ON  BSAR«2 

228 

C 

229 

15 

AHA1T (71 .L5SAMX2/ 1 . 1 1 

231 

ACT  .VISERF  (41 1 

231 

COQM.Zi 

232 

ACT..ATR1B(5) .EQ.f.  .AND.  TN0N.LT.ATRIB(8).RTN21 

233 

ACT/23..ATRIB(5) .EQ.I.  .AND.  TNOH  ,GE.  ATRIB18) .FTR. 

234 

ACT . . ATRIB(5) .EQ. 1 . .KIL2S 

235 

ACT. .XX (23)  .EQ.f.  .OR.  NNQdl.EQ.I  .LD51 

236 

ACT! 

237 

COON.l! 

238 

ACT.USERF(18)..FL5  1 

239 

LBS 

COON.l! 

248 

ACT.USERF(21! 

241 

FL5 

FREE.L5SAMX2/1.1!  FREE  LAUNCHER  5  BSAM#2 

242 

ACT...FRS2!  CO  TO  A  FREE  SAM  CHANNEL  NODE 

243 

C 

244 

L6 

AHAU  (8)  .L6SAMX2/ 1 .  l ! 

245 

ACT«USERF(41! 

246 

COON, 2! 

247 

ACT.tATRIKS) .E8.I.  .AND.  TNON.LT .ATRIB(8) .RTN25 

248 

ACT/24. ,ATRIB(5) .EQ.I.  .AND.  TN0N.CE.ATR1B(8)«FTR! 

249 

ACT««ATRIB(S).EQ.l..KIL2! 

25# 

ACT. .11(241 .EO.I.  .OR.  NN0(2!.E0.I.LD6! 

124 


251 

ACT? 

252 

COON,!! 

253 

ACT  tUSERF ( 181 » » FL4  i 

25* 

106 

COON (It 

255 

ACT  »VJSERF  121 1 

25* 

F16 

FREE»l6SANX2/i,l? 

257 

ACT • t ,FRS2? 

258 

FRS2 

FREE*SANI2/l,t!  FREE  A  SAW  CHANNEL  IN  BSAM2 

259 

terminate; 

26# 

ESC2 

coottti; 

261 

ACT/2#tATRIB(8)-TN0U! 

262 

EVENT  rl2t  15 

263 

ACT»,,FTR! 

264 

m 

COONil! 

265 

ACT/13, ,ATRIB(11) .EO.ltZl! 

266 

ACT/14,, ATRIB(ll) .NE.1>ASN5! 

267 

21 

EVENT t2tli 

268 

ACT/15,, ATRlBd)  .EG. 2»TN1#5 

269 

ACT/16*  t ATRIB(l) .EQ. 1 » ASKS? 

27# 

TUI# 

TERMINATE! 

271 

ASN5 

ASSICNi ATRIB112) =USERF(5) ,ATRIB(13) =USERF(6) » 

272 

ATRIB (14) *U$ERF  (7)  >  It 

273 

ASM 

ASSIGN, ATR1B 1 18) >USERF (8) , ATRIB (9) =TN0U+ATRIB ( 18) , 

27* 

ATRIBll9)=ATRIB(9)+nt*8),H 

275 

coon, t; 

276 

ACT/27, ATRIB(14)-TN0U,ATRIB(9)  .CE.ATRIB(14)  iTNZN! 

277 

ACT/33, ,  ATRIB  (9)  .IT .  ATRIB  U45 ! 

278 

COON, 2! 

279 

ACT ,ATR1B(18) , iFCAPi 

288 

ACT/28 (ATRIB (14) -TNON! 

281 

EVENT,*, l! 

282 

ACTtnTMZN 

283 

FCAP 

AWAIT (111 ,A1/1, IS  ' 

284 

EVENT, 3,1? 

285 

ASSIGN,  ATRIBU6)  :USERF  ( 13) ,  1! 

286 

ACT, ,ATRIB(l6).EG.l., CAPl? 

287 

ACT , i ATRIB (16) .EG. 2. ,CAPZ? 

288 

CAPl 

AUAIT 111)  tAll/1,1* 

289 

ACT,U$ERFd#)„AlC! 

29# 

CAP2 

AUAIT ( 12) , AI2/ 1 , 1 ? 

291 

ACT,U$ERFU#)„AIG? 

292 

AIC 

GOON, 2? 

293 

ACT/76mATRIB(5).E0.#.,ASN6! 

29* 

ACT/29,, ATR1B(3).E8.1, AIK! 

293 

ACT/3#,,ATR1B116).E8.#.,RTB! 

296 

ACT/31,  »ATR1B(16).E0.1.,R1! 

297 

ACT /32,, ATRIB (16) .E8.2.,R2? 

298 

RTB 

COONil? 

299 

ACT  tUSERF  (14)  ,,MSU? 

39# 

Rl 

GOON, IS 

3*1 

ACT»(1$ERF(15)  ,,H$L1‘, 

312 

R2 

goon.i; 

313 

ACT  tUSERF ( 131  * .HSL25 

384 

HSU 

FREE.AI2/1.15 

319 

ACT,,, FRAU 

316 

HSU 

ALTER, AIl/l.l! 

317 

ACT  m»  FRAli 

318 

HSL2 

FREE,A12/1,1! 

318 

ACT.mFRAI! 

311 

FRAl 

FREEiAI/lil! 

311 

TERMINATE! 

312 

C 

313 

AIK 

COUCT » BETUEEN » PENS  KILLED  AI,,,,2! 

314 

ACT/34.  .ATRlB(l).  ED.  I..AIBK! 

315 

ACT/35. ,  ATRIBd)  .EQ.2. .AICK5 

316 

AIBK 

COLCT. BETWEEN tBHBR  KILLS  AI....U 

317 

ACT.  uZZ! 

318 

AICK 

COLCT, BETWEEN .CH  KILLS  AI....1! 

319 

TERMINATE! 

328 

THZH 

ASSIGN, ATRIB(17)=U$ERF (11,15 

321 

ACT /77 .  ATRIB18) -TH04I.ATR1B  (51  .EQ.B.,221 

322 

ACT/37. .ATRIB(15I  .EQ.t  .AND.  ATRIBdll  .EQ.2.TG12! 

323 

ACT/38,,  ATRlBdSl.EO.l  .AND.  ATRIBdll  .EQ.3.TG13! 

324 

ACT/39.. ATRIBd)  .ED.i  .QR.  ATRIBdll .E9.4.TG14! 

325 

ACT/4#.. ATRIBdSl .E8.2  .MID.  ATRIBdll  .E0.3.TC23! 

326 

ACT/41. .ATRlBdSI  .E8.2  .AND.  ATRIBdll  .EQ.2.TG22! 

327 

TC12 

COW  .2! 

328 

ACT.ATRIB(6)..TS12! 

329 

ACT...ES12! 

331 

TS12 

AWAIT (131. SAH12/1.1! 

331 

EVENT, 3.1! 

332 

ASSIGN, ATRIB (61 -USERF (161 , 1 ! 

333 

ACT . . ATRIB (6) .EQ.7.L7! 

334 

ACT » .ATRIB (61 .EQ.8.L8S 

333 

ACT»,ATRIB(6).EQ.9,L9! 

336 

L7 

AWAIT  (181  ,L7SAHt2/l,H 

337 

ACT,U$ERF(4)! 

338 

GOON, 2! 

339 

ACT„ATRIB(3).E0.I  .AND.  TN0W.LT.ATRIBI8)  ,RTN3! 

34« 

ACT/48., ATRIB(3).E0.»  .AND.  TNQN.CE.ATRIB(8)>225 

341 

ACT,,ATRIB(3).EQ.t»TK12! 

342 

ACT, ,11(31). ED. 1  .OR.  NN0(13).E0.f,LB7! 

343 

ACT! 

344 

GOON.U 

343 

ACT,0SERF(18).iFL7? 

346 

RTH3 

COON, 25 

347 

ACT/47, «,TS125 

348 

ACT...ES12! 

349 

TK12 

COLCT, BETWEEN, PENS  KILLED  TS12,„,1! 

358 

ACT/49! 

126 


TERMINATE! 

LD7  GOON.t! 

ACT»US€RF(17I » 

F17  FREE,t7SANt2/l,lJ 
ACT,,,F$i2! 

C 

L8  AUAIT(19hL8$ANlZ/i,i; 

ACT»U$ERF{4)! 

COON ,2, 

ACT,,ATRlBt51.E(fc*  .ARC.  TNW.U.ATRIB18»,RTN3 
ACT/5#,,ATRIB(5) .EQ.i  .AND.  TN0H.GE.ATRIB<8> *ZZJ 
ACT,»ATRIB(5)  .EQ.t.TKlZ! 

ACT ,,11(52) .E8.I  .QR.NN0U3)  .EQ.IiLDBt 
ACT. 

GOON. i; 

ACT.USERFU8I..F18; 

LD8  COON.l! 

ACT.USERFU7I*. 

FL8  FREE.L8SAH12/1.1; 

ACT.i.FStZ? 

c 

19  AWAIT (21) »L9$AH1Z/ till 
ACT,U$ERF(4)J 
COON .2! 

ACT,, ATR18<5). EQ.f  .AND.  TN0t».LT.ATRlBI8),RTN3*, 
ACT/51,, ATRIB(S). EQ.I  .AND.  TNGW.CE.ATR1B18) ,ZZ? 
ACT,,ATRIB(5) .EQ.l.TKtZ! 

ACT,,  11(531  .EQ.f  .OR.  NMU31.E8.l,LD9i 
ACT! 

COON.l! 

ACT  ,U$ERF  U8) ,  ,FL95 
LD9  GOON, It 

ACT.USERFU7)? 
a9  FREE,L9SAN12/l>15 
ACT , , ,FS12! 

C 

FS12  FREE, SAN 12/ t, l 5 
TERN1NATE5 
ES12  COON, 15 

ACT/42, ATR1B (8) -TNOB? 

EVENT, 13,li 
actm.zz; 
c 
c 
c 

TC13  COON, 2? 

ACT,ATRIB(6),,TS13? 

ACT,„ESl3f 

TS13  AWAIT (141 ,SAN13/I,li 
EVENT, 3,11 


4#t 

ASSIGN. ATRIB(A) *USERF ( 14) *  1 i 

412 

ACT  . . ATR1B(4) .EQ. II'LIIJ 

4#3 

ACT..ATRI8(4).EQ.ll.Lil! 

4#4 

ACT i > ATR1B44) .EQ. 12tL12» 

415 

III 

AWAIT  1211 » LifSAHl3/lil» 

414 

ACT.USERFU)*. 

417 

GOON. 2! 

4M 

ACT"ATRIB(5).EQ.I  .AND.  TN0W.LT.ATRIB181.RTN4; 

419 

ACT/52mATRIB(5)  . EQ . f  .AND.  TN0W.CE.ATRIB(8)  .ZZ*. 

411 

ACTmATRIB(S)  .EQ.ltTK13i 

411 

ACT "IX (54)  .EQ.I  .OR.  NNQ(14) .EQ.I.LD1#} 

412 

act; 

413 

COONtli 

414 

ACT'USERF  ( 18)  ..aili 

415 

RTN4 

GOQM*2» 

414 

ACT/53.  "TS13S 

417 

ACT...ES13? 

418 

TK13 

COLCT' BETWEEN 'PENS  KILLED  TS13""U 

419 

ACT/54; 

421 

terminate; 

421 

LDlf 

cooN'i; 

422 

ACT'USERF  U7)*. 

423 

FLli 

FREE'LlfSAHl3/l'li 

424 

ACT...FS131 

425 

C 

424 

111 

AWAIT (221. LI 1SAM13/1.1! 

427 

ACT'USERF (4) S 

428 

COON.2J 

429 

ACT"ATRIB(5)  .EQ.I  .AND.  TN0M.LT.ATRIB(8)  .RTN4. 

431 

ACT/S5"ATRIB(5).E8.I  .AND.  TN0W.CE.ATRIB18)  .ZZ5 

431 

ACT"ATRlB(5).EQ.t'TKl3; 

432 

ACT.. II (55) .EQ.I  .OR.  NNQ(l4).EB.I.LDli; 

433 

act; 

434 

cooNii; 

435 

ACT'USERF  (18)  "ait; 

434 

LOll 

COON.l! 

437 

ACT'USERF (17); 

438 

an 

FREE'L11SAH13/I'i; 

439 

ACT"  iFS13; 

441 

C 

441 

L12 

AWAIT (231 .L12SAM13/1.1; 

442 

ACT'USERF (4) t 

443 

CQQH'ZI 

444 

ACT "ATRII(D)  .EQ.I  .AND.  TWN.LT .ATRIB(B)  »RTN4? 

445 

ACT/54.»ATRIB(5) .EQ.I  .AND.  TNQW.GE.ATRIB(8) »Z25 

444 

ACT"ATRIB(5).EQ.l'TK13l 

447 

ACT  nil  (54)  .EQ.I  .OR.  NNQ(14).EQ.I.LD125 

448 

act; 

449 

COON'I! 

431 

ACT'USERF  (18)  nai2! 

128 


451 . 

1812 

COQN.ii 

432 

ACT  .USERF  ( 17)  i 

433 

FU2 

FREE»Li2$AM13/t»li 

454 

ACT...FS13*. 

433 

C 

434 

FS13 

FKEE.SAN13/1.1S 

437 

terminate; 

438 

ES13 

goon.u 

438 

ACT/43. ATRIB (8) -TNOUi 

44* 

EVENT * 14. li 

441 

ACT... 22! 

44 2 

TC14 

C00N.2; 

443 

ACT.ATRIB(4)..TS145 

444 

ACT...ES14. 

445 

TS14 

AWAIT (IS) .SAH14/1.1! 

444 

EVENT .3. It 

447 

ASSIGN. ATRIB(4> =USERF( 14). li 

448 

ACT..ATRIB14) .E8.13.L13. 

449 

ACT  r .ATR!B(4) .E8. 14.L145 

471 

ACT  1 1 ATRXB  (4>  .EQ.  15.115*. 

471 

ACT  > .ATR1B14) .E8.14.L14i 

472 

ACT « . ATRIB (4) .E8 . 17  »L17 i 

473 

ACT » *  ATR1B (4) .E8.18.L18i 

474 

113 

AHAIT (241 .L13SAK14/ l . 1 5 

473 

ACT.USERF(4)i 

474 

COON.25 

477 

ACT..ATR1B15)  .£8.1  .AND.  TNMI.LT .ATRIB  18)  .RTNSi 

478 

ACT/57. .ATRIB13)  .E8.4  .MID.  TN0».CE.ATRIB(8) »22i 

479 

ACT ..ATRIB (5) .E8.lt TK14i 

488 

ACT .. XX (37) .E8.4  .OR.  NN8U5) .E8.l»U)13i 

481 

act; 

482 

COOR.lt 

483 

ACT .USERF (18) » .FL13. 

484 

RTN5 

COON.25 

485 

ACT/38...TS14. 

484 

ACT...ES14. 

487 

TK14 

COLCT. BETWEEN. PENS  KILLED  TSH.mli 

488 

ACT/39. .ATRIB(l).E8.l.BKT4i 

489 

ACT/44.. ATRlBtl) .E8.2.CKT4! 

49f 

BKT4 

COLCT.BETUEEN.BOIttERS  KILLED  TS14....1! 

491 

ACT  ...225 

492 

CKT4 

C0LCT.IET1IEEN.CNS  KILLED  TS14....15 

493 

TERMINATE? 

494 

L813 

COON. 15 

493 

ACT  .USERF (17) i 

494 

FL13 

FREE.L13SAN14/1.1! 

497 

ACT.t.FS14i 

498 

C 

499 

114 

AMAIT (25) .L14SAH1 4/1 .1? 

344 

ACT.  USERF (4)1 

129 


511 

COON >21 

512 

ACT,,ATRIB(5).EQ.*  .AMD.  TN0D.LT.ATRIB(8),RTN5? 

513 

ACT/61,, ATRIB(5).£Q.I  .AMD.  TNQU.GE.ATRIB(8),ZZ? 

514 

ACT»»ATRIB(5).E8.1,TK14> 

515 

AC7„ni58).EQ.f  .OR.  NN8tl5).EQ.I>LB14i 

5 14 

ACT! 

517 

GOQNtlS 

518 

ACT,U$ERFU8)*,FL141 

519 

LD14 

GOONili 

511 

ACT  »U$ERF<17J  * 

511 

FLU 

FREE, L14SAM14/ 1,11 

512 

actm.fsh; 

513 

C 

514 

L15 

ADAIT  (261  >L15SAN14/ 1  >  11 

515 

ACTtUSCRF (4) * 

516 

CQQN'21 

517 

ACT >  ? ATRIB (51 . EQ . f  .AMD.  TN0W.LT.ATRIB(8),RTN51 

518 

ACT/62, ,ATRIB(5).E0.f  .AND.  TN0D.GE.ATRIB(8),ZZ1 

519 

ACT n ATRIB (5) .EQ.1>TK141 

52f 

ACT,,IX(59).E8.I  .OR.  NNQ115) .E0.»»LB131 

521 

act; 

522 

CQOMill 

523 

ACT,U$ERF118)„FH51 

524 

LB15 

COON, 11 

525 

ACT, USERF( 17)1 

526 

FL15 

FREE>L15SAN14/1>11 

527 

ACT,mFS145 

528 

C 

529 

L16 

ADMIT  1271 tLl6SAH14/ 1 > 11 

531 

ACT, USERF 14)1 

531 

COON, 21 

532 

ACTmATRIB(5).EQ.I  .AND.  TMOD.LT .ATRIB18)  >RTM51 

533 

ACT/63, , ATRIB (5)  .ED. I  .AND.  TNOD.CE. ATR1B18) »ZZ1 

534 

ACTmATRIB(5)  .EQ.tiTKUl 

535 

ACT,, 11(64) .EQ.f  .OR.  NN0(13).EQ.I,LD16! 

536 

ACT1 

537 

COON, 11 

538 

ACT»U$ERFU8)»»FL16! 

539 

1016 

MON,  11 

541 

ACT, USERF (17)1 

541 

FLU 

FREE»L16SAni4/l*ll 

542 

ACTmFSUl 

543 

C 

544 

L17 

ADMIT (281 »L17$AN14/ till 

545 

ACT tUSCRF (41 J 

546 

MON, 21 

547 

ACT,, ATRIB(5). EQ.f  .AND.  TMOD.LT. ATRIK8) ,RTN55 

548 

ACT/64,, ATR1B(3) .E8.I  .AND.  TN0D.CE.MTRIB(8),ZZ1 

549 

ACT , , ATRIB (5) .ED. 1 ,TK14! 

55* 

ACT,, 11(61). ED. •  .OR.  NNQU5).EQ.I»LD17? 

130 


531 

ACT! 

552 

GOON.l! 

553 

ACT  .USERF 118) i »FL17 ! 

554 

LD17 

cooN'i; 

555 

ACT .USERF (17)5 

554 

FU7 

FREE*L17SAH14/l>li 

557 

ACT i » »FS14! 

558 

C 

559 

118 

AUAIT (Z91 .118SAH14/1.1! 

541 

ACT  .USERF  (4) ! 

541 

COON  >2! 

54 2 

ACT. »ATRIB!5) .EQ.8  .AMD.  TN0N.LT.ATRIBI8) .RTX3! 

543 

ACT/45. *ATR1B(3) .EQ.8  .AND.  TNQU.GE.ATR1B(8)»Z2! 

544 

ACT .  * ATR1B  (5) .EQ . 1 . TKt 45 

545 

ACT. t II (42)  .EQ.8  .OR.  NNQ(15).EQ.B.LB18! 

544 

ACT. 

547 

COOM.l! 

348 

ACT  .USERF  ( 18)  •  .FL18! 

549 

LD18 

GOON.l! 

578 

ACT .USERF (171! 

371 

FU8 

FREE.U8SAH14/1.1! 

372 

ACT...FS14! 

573 

C 

574 

FS14 

FREE.SAH14/1.1! 

575 

TERMINATE! 

574 

E$14 

COON.lt 

377 

ACT/44. ATRIB (8) *TNQU! 

578 

EVENT. IS. 1! 

579 

ACT...ZZ! 

588 

C 

581 

C 

582 

C 

583 

TC23 

C00M.2! 

584 

ACT.ATRlB(4)t.TS23! 

385 

ACT...ES23! 

584 

TS23 

AUAIT(14)  .SAH23/1.1! 

387 

EVERTi3.ll 

588 

ASSIGN. ATRIB (4) *USERF ( 14) , 1 i 

589 

ACT . . ATRIB(A) .EQ. 19.L19I 

598 

ACTt.ATRlB(4!.EQ.28.L28! 

591 

ACT • .ATRIB (4) .EQ.21 .L21 ! 

592 

119 

AUAIT (381 .L19SAR23/ l.l! 

993 

ACT. USERF (4!? 

594 

GOOR.2! 

395 

ACT.  .ATRtttt)  .EQ.8  .ARB.  TROU.IT.ATRHW.RTNA! 

S94 

ACT/44. .ATRIK5I.E8.I  .AM.  TR0U.CE.ATRIB(8).Z2? 

597 

ACT » .ATKIN (3) .EQ. 1 .TN23! 

991 

ACT. .11(43) .EQ.8  .OR.  RNQ(IA) .EQ.8.1B19I 

999 

ACT! 

418 

GOON.l! 

131 


5SS585  SSS553S3S32SSS5SSSSSS5S53SS3S22SS55SS3SSS353 


ftci.usoiFii8)Mam 

RUM,  coon. 2; 

ACM7inTS23S 

ACT...ES235 

TK23  COLCT* BETWEEN i PENS  KILLED  TS23»»1> 
ACT/683 


terminate; 

LDl?  COONii! 

ACT  tUSERf (17)5 
FL1?  FREEiL19SAN23/lil! 

ACT»»  *FS23» 

C 

L2I  ANAIT (31) iL2l$AN23/l it! 

ACTtUSERFU)! 

COON, 2 5 

ACTnATRlB(S)  .E8.f  .AW.  TKOU.LT.ATRIB(O)  .RTW! 
ACT/69. .ATRIB13)  .EO.f  .AW.  TWW.CC.ATR1B18)  .ZZ» 
ACTmATRIB(S)  .EQ.UTK23; 

ACTiiH(64).E0.I  .OR.  NN8U6).E«.liLD2f5 

act; 

CMNii; 

ACTiUSERFU8)uFL2»! 

LB28  COONii; 

ACTiU$ERFU7)5 
FL2f  FREEtL2f$AR23/lil) 

ACT...FS23? 

C 

L21  ANAIT (32) iL21SAN23/ l i U 

ACTiUSERFU); 

COONi25 

ACT«tATRIB<5).EQ.«  .AW.  TNON.LT .ATRIB(B)  iRTN6! 
ACT/7lnATRIBl3).EQ.I  .AW.  TH0U.CE.ATR1B(8> >ZZ; 
ACTnATRIB(3).EQ.ltTK23! 

ACTnlll63).EQ.»  .OR.  NNQ(U).E0.»tL02i; 

act; 

cooNti; 

ACTiUSERFU8)uFL21) 

LD21  COONii) 

ACTiUSERFUT)) 

FL21  FREEiL2lSAN23/lil! 

ACT»nFS23l 

C 

FS23  FREEiSAN23/lit) 

TERMINATE! 

ES23  COONii! 

AC7/«iATMBt8)-TN0N? 

EVENT  i  Ui  l! 

ACTutZZ! 

C 

C 


132 
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631 

432 


TC22  OOR.25 

ACT»ATR1B(6)mTS22! 

ACT»mE$22J 

TS22  A8AITU7T.SAII22/1.1. 

EVOT»3»l» 

ASSICR. ATRIB (4) *tl$£RF ( 141 . l? 

ACT  *  .ATRIB (4) .E8.22.L22i 
ACTt>ATRIB(6).ER.23.L23S 
ACT.«ATRIB(6) .£8.24*124? 

122  A8AIT(33».L22$AA22/l.li 
ACT .USERF14) ! 

C00N,2» 

ACT..ATR1B13T.E8.8  .AM.  TTKW.lt . ATRIB18T  *RTM7? 

ACT /71  •  t ATRIB  (S3  .EO.I  .AM.  TWU. C£.  ATRIB (8T.ZZJ 

ACT i i ATRIB (3) ,E8. 1 »TK22i 

ACT*. IX (68) .EO.I  .OR.  M8U71  .E8.l*LB22i 

ACT! 

CQQNili 

ACT.U$ERF(l8)t.FL22> 

RTR7  001.21 

ACT/72...TS22! 

ACT...ES22I 

TK22  COLCT.BETKED.POS  KILLED  TS22im.1i 
ACT/735 

temimte; 

LD22  OQA.H 

ACT.USERFU7T. 

FL22  FREE.L22SAR22/I.H 
ACT...FS22. 

C 

L23  AMIT134!  .L23SAR22/1.1S 
ACT.USERF14H 
CQ0N.2I 

ACTmATRIB(S)  .EO.I  .AM.  TWtl.LT.ATRIBC8)»RTR7S 
ACT/74.  .ATRIB (3)  .E8.I  .AM.  TROB.CE.ATRHW.ZZi 
ACT  >  .ATRIK3)  .ED.  t .TK22I 
ACTmXXIW.EB.I  .OR.  MQU7T.E8.8.LD235 
ACT! 

CQORtll 

ACT»WERF(18).»Fl23i 
LBZ3  OQR.lt 

ACTiOSEMimt 
FL23  FREE. L23SAR22/ 1.11 
ACT...FS22t 
C 

L24  AWAIT (33T .L24SARZZ/ t.lt 

ACT.UKRF14)} 

08R.2I 

ACT.. ATRIl(S) .EO.I  .AM.  TWR.LT . ATRI1(8) . RTR7t 
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711 

712 

713 

714 

715 
714 
717 

788 

789 

711 
7U 

712 

713 

714 

715 

716 

717 

718 
717 
72f 

721 

722 

723 

724 

725 

726 

727 

728 

729 
738 

731 

732 

733 

734 

735 
734 

737 

738 

739 

748 

741 

742 

743 

744 

749 
744 

747 

748 

749 
798 


ACT /75» » ATR1B (5) .23.1  .AMD.  T4Qtt.GE.ATRIBl85.ni 
ACT. .ATR1815) .EQ. 1.TK225 
actmIH7I).eq.i  .or. 

ACT! 

0004.1  i 

ACT»U$ERFU85mF124! 

1024  0004.1. 

ACT.USERFU7)? 

FL24  FREE.124SAMZ2/1.1! 

ACTi*.FS22! 

C 

FS22  FREE.SAM22/1.1! 

TERMIMATEI 
ES22  0004.15 

ACT/44. ATR1B (8) -TKOtti 
EVER* 17. 1 5 
ACTn.n? 

C 

C 

ZZ  EVERT . 8. If 

ACT/85.. ATR1B(U.E8.2.TZZZJ 
ACT/81mATRIB(19I.E8.1iTZQ; 

ACT/82. «ATRIB(19) .EQ.4.TZZZ! 

ACT/83.. ATR1BU91.EQ.7.TZZZ! 

ACT/84.  .ATR1BU91  .E8.18.TZn? 

tzzz  termimate; 

EmcTwnn 

1HT.8.. 288.1 
SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE! 

simulate; 

SIMULATE! 

simulate; 

SIMULATE! 

SIMULATE! 

SIMULATE! 

«TL£.U(4)*2.ilXU4)<5. 

SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE! 

anctn(4)s3..n(i4)*4. 


734 


*333232333232323288323333333333523*228232323232233 


SIMULATE! 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

IXTLC>H(3M4«i.iH(13)»&H.»H{4):t.«H(U)>3.; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

MTLC.m4»=2..II<i4)*3.5 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

!MTL£tll(4)*3.iUU4)*4,; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

simulate; 

imc>nu;*«N.  >nu3)  4M.  tutu;  «3. : 

simulate; 

simulate; 

simulate; 

simulate; 

shuts; 

shuts; 
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891 

892 

893 

894 

893 

894 

897 

898 
897 
819 
811 
812 

813 

814 

813 

814 

817 

818 
819 
829 
821 
822 

823 

824 

823 

824 
827 


SIMULATE* 

SIMULATE? 

SIMULATE* 

SIMULATE! 

mc*ni4i*2..mi4?*3.» 

SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE! 

SIMULATE? 

SIMULATE! 

SIMULATE? 

SIMULATE? 

lKTLC*IXl4)*3.iXXtl4)s4.» 

SIMULATE! 

SIMULATE? 

SIMULATE? 

SIMULATE? 

SIMULATE! 

SIMULATE? 

SIMULATE? 

SIMULATE? 

SIMULATE? 

SIMULATE? 

FIW 


z 

3 

4 

3 

4 

7 

8 
9 
II 
11 
1Z 

13 

14 

13 

14 

17 

18 
19 


PROGRAM  NAIM (INPUT , OUTPUT , TAPES* INPUT  t  T APE4*0UTPUT . T APE7) 
DIMENSION  NSET  (Z3#W) 

CONNON/SCONt/ATRIBllH)  tDD(lff)  i  DDL!  Ill)  iDTNOUtllrNFAi 
:  NSTOPtNCLNRtNCRDRiNPRNTtNNRUNiNNSETtNTAPEt 
:  SS(lff)  fSSUlll)  iTNEXTtTNQUtnUM) 


C0NN0N/UC0Nl/RC$(l:i4tl:4)  tP0CIN(4)  »POCOUT(6> 
CORRON/UCORZ/Z1  (Zl)  iZZ(4l)  tZ3(4l)  tZ4(4l) 

COMMON  8SET  (Z3IM) 

EQUIVALENCE  (N$ET(1).Q$ET(11) 

0PEN(49tFIL£*,TAPE49'l 

NNSET*Z3N# 

NCR0R*3 

NPRNT*4 

NTAPE*7 

CALL  SLAR 

STOP 

END 

SUBROUTINE  1NTLC 

CORRQN/SCQRi/ATRIBdN)  tDBdMI  tBDL(lM)  tBTNOHt  HtNFAt 
NSTOPtNCLMRtNCRBRtNPRMT  iNNRUNiNNSET  iNTAPEi 
SS(lMliSSUlM)tTNEITiTNOUtll(lMl 


CORRON/UCORl/RCS  Hi  14t  1 54)  t PDCIN (4)  *PDCOUT  (41 
CORHQN/UCORZ/Z1  (Zl)  iZZ(4f  >  fZ3(4i)  >Z4(4«) 

BATA( (RCS(I t J) i J* t  »4) i !*#t 14) 

:  /18.il.l».l8».lt.lt».Mli 

14.il.4t.l4i.Mi.ll8i.Nf8i 

13.il.3t.l3t.f7t.ff7i.IM7t 

>  14.tl.4t.14t.f4t.ff4t.Mf4t 
lZ.tl.Zt.lZt.f3t.M3t.fM3t 
Zf.tZ.ft.Zft.lft.llft.Mlft 

:  33.t3.3t.33ti.ft.lft.flMt 

<  4f.t4.ft.4ftl.3t.13t.fi3t 

3M.t3f.t3.ft4.ft.4t.f4t 
i  ZMf.tZM.tZf.tZ3.tZ.3t.Z3t 

i  3M.  t4f .  t4.lt4.lt  .4ft  .f4t 

>  4f.  t3.lt .3ftl.3t.13t.fl3t 

i  Zf.tZ.ft.Zftl.ft.lft.flft 

t  3f.ti.3t.13t.ift.flt.Mlt 

t  9f.tl.ft.lft.f3t.N3t.fM3/ 

MTA  PttIN/.9Nt.l77t.8f4t.373t.494t.Mf/ 

DATA  PfC0UT/.8ZZi.734t.3Mt.31Zi.l33t.lZ3/ 

MTA  ntZZtZ3tZ4/Zff>l./ 

C 

C  TIC  FOLLOW NC  IS  A  DESCRIPTIVE  LIST  OF  TIC  CLOML  VARIABLES 
C  TO  BE  SCT  FOR  ALL  RUNS.  THESE  RAT  BE  UPDATED  FOR  FURTHER 
c  sxsmvm  analtsis. 
c 

C  I1(8)*THE  CORRIDOR  UNITS  OR  THE  BAND  SAHB  - 
C  THIS  IS  A  FUNCTION  OF  THE  BAND  SAR  SITE  DERSITT  (11) 
11(1)  *13. 


138 


31  C 


32 

c 

THE  FOLLOWING  VARIABLES  ARE  THE  INITIAL  CONDITIONS 

53 

c 

FOR  THE  LAUNCHERS.  THE!  ARE  FULL  WITH  4  IUSSILES  APIECE 

34 

c 

AND  A  3:1  RATIO  FOR  MISSILES  IN  READT  STORAGE 

33 

c 

XX(171*H1SSIL£S  IN  READY  STORAGE  BSAN  11 

34 

1X1171*34. 

37 

c 

XX(18)*H1S$ILES  IN  READY  STORAGE  BSAR  12 

38 

XX (181 *34. 

39 

c 

XX(49)*RISSILES  IN  READY  STORAGE  TSAH  412 

44 

XX (491*34. 

41 

c 

XX(7l)*Hl$$lLES  ■  “ 

n 

“  413 

42 

11(711*34. 

43 

c 

XX(711*«ISSIIES  ■  " 

it 

"  414 

44 

XX (71 1*34. 

43 

c 

XX(72)*N!SS1LES  "  " 

a 

"  422 

44 

11(721*34. 

47 

c 

XX(73)*Mt$SILES  H  • 

a 

■  423 

48 

11(731*34. 

49 

c 

XX(191*LAUNCHER  1  HSLS  AVAILABLE  OF  BSAN  11 

71 

XX(191*4, 

71 

c 

XX(2f)*LAUKCHER  2  * 

n 

u  an 

72 

11(211*4. 

73 

c 

XX(2U*LAUNCHER  3  " 

M 

n  it  n 

74 

XX (211*4. 

73 

c 

XX(221*LAUNGHER  4  HSLS  AVAILABLE  OF  DSAR  #2 

74 

XX (221*4. 

77 

c 

XX  (23) “LAUNCHER  3  " 

tt 

ana 

78 

XX  (231*4. 

79 

c 

XX(241*LAUNCHER  4  " 

a 

ana 

M 

11(241*4. 

81 

c 

1X(311*LA(JNCHEX  7  * 

a 

n  TSAH  12 

82 

11(311*4. 

83 

c 

11 (32) “LAUNCHER  8  ' 

a 

N  ■ 

14 

11(321*4. 

83 

c 

X1(331*LAUNCHER  9  “ 

» 

n  n 

84 

XI  (331*4. 

87 

c 

XX£941  ^LAUNCHER  If  " 

a 

a  TSAH  13 

81 

XX(34>*4. 

89 

.c 

XI (33) “LAUNCHER  11  * 

u 

a  « 

9f 

n(331*4. 

91 

c 

11 (34) “LAUNCHER  12  a 

« 

a  a 

92 

11 (341*4. 

98 

c 

XX (371 “LAUNCHER  13  * 

■ 

a  TSAH  14 

94 

11(371*4. 

93 

c 

XX (381 “LAUNCHER  14  - 

a 

a  a 

H 

11(311*4. 

97 

c 

XX(391«LM1NGHER  13  " 

a 

a  a 

91 

ni39)*4. 

99 

c 

XX  (4H  “LAUNCHER  14  a 

a 

a  a 

m 

11 (481*4. 

139 


tit 

112 

113 

114 
IK 

114 

117 

in 

in 

in 

m 

112 

113 

114 

113 

114 

117 

118 
M 
121 
121 
122 

123 

124 

123 

124 

127 

128 
128 
13# 

131 

132 

133 

134 

133 

134 

137 

138 
138 
14# 

141 

142 

143 

144 

143 

144 

147 

148 
148 
131 


C  XX  (41  ^LAUNCHER  17  “  ■ 

XX 141) =4. 

C  11(42) ^LAUNCHER  18  "  " 

XX (42) >4. 

C  U (43) :LAUNCHER  18  u  “  TSAH  23 

XX (43) *4. 

C  XX (44) ^LAUNCHER  21  ■ 

XX (44) =4. 

C  XX (43) *IA(JNCHER  21  ■  “ 

XX (45) *4. 

C  XX (4A) -LAUNCHER  22  “  tt  *  TSAR  22 

XX (44) -4. 

C  XX(47)'LAUNOO  23  ■  “ 

XX (47) *4. 

C  XX 148) =LAURCHER  24  n  ' 

XX (48) *4. 

C 

C 

C  THE  FOLLOWING  VARIABLE  IS  THE  VALUE  ADDED  PROBABILITY 

C  OF  DARACE  *  ONE  OF  THE  ROE'S  OF  THE  RODEL.  INITIAL 

C  SET  TO  ZERO.  IT  ACOJRULATES  WALUE  AS  TCTS  ARE  STRUCX 
XX (23)*#.# 

C 

C  XX (24) INITIAL  NURBER  OF  CCI  AND  EH  SITES  AVAILABLE  THIS 

C  VARIABLE  IS  DECREASED  AS  ZQ*  1  TARGETS  ARE  DESTROTED 
1X1241*23. 

C 

C  THE  FOLLOWING  VARIABLES  ARE  THE  REPRESENTATIVE  DISTANCES 
C  THE  PENETRATORS  FU  TO  THEIR  RESPECTIVE  ZONES 

C  XX(Z7)*BQRBEX  DISTANCE  TO  FIT  TO  ZONE  2  SRAR 

XI  (27)  *14# 

C  XX(2S)*BQMER  DISTANCE  TO  FIT  TO  ZONE  3  SRAR 
XX (281*221. 

C  XX(281*B0RBER  DISTANCE  TO  FIT  TO  ZONE  4  GRAVITT 
XX (281*3##. 

C  XX(3f)*ALCR  DISTANCE  TO  FIT  TO  ZONE  2 
XX (3#) *14#. 

C  XX(311*«LCR  *  «  •  •  »  3 

XX  (311*2##. 

C  XX(32)*ALCR  •  »  •  ■  •  ^ 

XX  (32)  *23#. 

C 

C  THE  FOLLOWING  TWO  VARIABLES  HERE  DERIVED  FWR  81#  CREEKBOOK 
C  FOR  1387  TARGETS 

C  XX(421«THAT  PSI  OVERPRESSURE  TO  PRODUCE  A  5H  PD  ON  TCT 
C  FOR  A  HEAPOR  OF  THE  REGATON  CLASS 

n(42)*0. 

C  XX(43)*THAT  PSI  OVERPRESSURE  TO  PRODUCE  A  3H  PD  ON  TCT 
C  FOR  A  WEAPON  OF  THE  2f#KT  CLASS 

XI (43) *8. 


140 


131 

C 

132 

c 

153 

c 

XX(44)*SAX  PK  DECISION  RULE.  IF  THE  S/N  OR  J/S  RATIO 

134 

c 

AND  RANCE  COMBINATIONS  HELD  AN  ESTIMATE  OF  CEP 

133 

c 

VHICH  WILL  GIVE  THE  SITE  A  SINGLE  SHOT  PK  GREATER  THAN 

154 

c 

XX 1441  THEN  THE  SITE  NHL  COMMENCE  FIRING. 

137 

XX 144) *.2 

134 

c 

134 

RETURN 

141 

END 

141 

c 

142 

c 

143 

FUNCTION  USERFUFN) 

144 

COmON/SCONl/ATRISl  IN)  tODUff)  rDDL(lM)  fDTNOWf  II»«FAt 

143 

:  MSTOPiNCLNRiNCRDRiIPRNTiNNRUNiNNSETiXTAPEi 

144 

:  SSUMI  iSSL(lff)  iTNEXTiTNOUtXX(lM) 

147 

CONNON/UCOttl/RCS(|: 14* 1:4) .PDC1N14) •PDCOUT14) 

144 

c 

149 

c 

« 

174 

CQT0(li2i3i4'3*4t7t4t4iil'll'12il3'l4>l3il4il7>l8)tlFN 

171 

c 

172 

c 

173 

C  USERFU)  DETERMINES  POINT  OF  DETECTION  DT  BSAN  EU.  IT  THEN 

174 

C  DETERMINES  THE  TIME  TO  FIT  TO  ENVELOPE  ENCOUNTER  AND  THE 

173 

C  TINE  TO  E2ITT1NC  THE  DSMt  COVERACE. 

174 

C 

177 

C  COMPUTE  TIME  OUT  OF  COVERACE 

174 

l 

ATRID (8) 32l . / ATRIB (2) *4#.  4  TNOM 

174 

C  COMPUTE  DETECTION  RANCE 

141 

X*UNFRM(#.»l.tl) 

141 

SRMG*l34###f.»X)H. 237732 

142 

IFIATRIK4)  ,CE.  444.1THEN 

143 

S8NC3SRNC  4  13.4 

144 

EttlF 

143 

C  DO  NOT  ALLOH  SRK  TO  BE  CHEATER  THAN  RAX  ENCQUTNER  RANCE 

184 

SRNCzNIN(SRNCf2f.) 

187 

C 

114 

C  COMPUTE  OFFSET  DISTANCE  FROM  BSAH 

184 

C  OFFSET  LIMIT  14  BASED  ON  SITE  DENSITT  ASSUMPTION 

I4f 

TRMC*UMFRM(i.»XX(8)il) 

m 

C 

DETERMINE  IF  PEMETRATOR  COULD  NOT  BE  DETECTED 

m 

C 

ISAM  OEAD  ZONE  (ZONE  OF  NO  FIRE)  IS  SNR 

m 

IF  (SMC  .IE.  TRNC  .OR.  SRNC  .11.  3.1THEN 

144 

C 

SET  ATRIK31  TO  ESCAPE  CQR8ITIOR 

143 

ATRIH3)*4. 

m 

USERF’SNK 

147 

RETURN 

144 

ELSE 

144 

ATRI113)  >1. 

2M 

EMBIF 

141 


211 

XRNC*$GAT  ($WIC*«2.  -  1RNCh2.  ) 

212 

ATRlt(7)*TRNC 

213 

C 

COMPUTE  TIME  TO  SITE  ENCOUTER 

214 

ATM! (4)* (21.  -  XRNC)*4I./ATR1D12) 

215 

USERF’SMC 

2ft 

RETURN 

217 

C 

218 

c 

219 

c 

211 

c 

USERF (2)  COMPUTES  BSAH  RELOAD  TIRES  BASED  ON  MISSILES 

211 

c 

TO  IE  LOADED 

212 

c 

11(K)  STOCKPILE  OF  READ!  MISSILES  EITHER  ISAM  1.2 

213 

c 

XKJ)  LAUNCHER  MISSILES  REMAININC  ON  LAUNCHER 

214 

2 

ATRUUfW. 

215 

K*ATRIB(15)  ♦  14 

214 

4«ATR1*(4)  ♦  18 

217 

C 

PERFORM  CHECK  ON  STOCKPILE  AND  SET  TIME  TO  RELOAD  TO 

218 

C 

A  REPRESENTATIVE.)  LONG  TIME 

219 

IF  (IKK)  .LE.  MUTKO 

221 

OSERF’IM. 

221 

RETURN 

222 

ENOIF 

223 

C 

224 

C 

DETERMINE  NUMBER  OF  MISSILES  TO  BE  LOADED 

223 

UMD*4-lI(j) 

224 

IF  (IKK)  .LE.  UMB)THEM 

227 

LOAD*  IKK) 

228 

ENB1F 

229 

IKK)  «I1  (K)  •  LOAD 

238 

UU)all(J)  ♦  LOAB 

231 

c 

SET  TIME  TO  RELOAD  AS  A  FUNCTION  OF  MISSILES  TO  IE  LOADED 

232 

USERFtl.  ♦  LOAB 

233 

RETURN 

234 

c 

235 

c 

234 

c 

USERF  3  DETERMINES  CRUISE  MISSILE  TOT  ZONE  ASSIGNMENTS 

237 

c 

THE  FIRST  III  OF  TIC  CM  FORCE  IS  TARGETED  IN  ZONE  ONE 

238 

c 

AFTER  THAT  THE  CM’S  ARE  CTCLICALLT  ASSIGNED  TO  ZONES  2.3.4 

239 

c 

THIS  USERF  IS  USED  FOR  CORRIDOR  TUO  PENS  AS  #9  IS  USED 

24f 

c 

FOR  CORRIDOR  #1 

241 

3 

!F(NNCNT(4)  .LE.  U(7))THEN 

242 

(JSERF*!. 

243 

ELSE 

244 

USERF*N0N(NKNTl4)>3)+2. 

245 

EMBXF 

244 

RETURN 

247 

c 

248 

c 

USERF14)  IS  A  MINI-SIMULATION  OF  DC  ISAM  ENCOUNTER 

249 

c 

THE  GEOMETRY  STARTS  AT  A  MAXIMUM  OF  ZfHH  OR  LESS 

251 

c 

DEPENDING  ON  DETECTION  RANGE.  THE  SITE  CQMHEKES  FIRING 

142 


231 

C 

WHEN  THE  PKSS  IS  AT  LEAST  EQUAL  TO  12(44) 

232 

C 

233 

4 

N*ATRIB(3) 

234 

SRNG*ATRIB117) 

235 

C 

234 

c 

CONFUTE  LAUNCHER  GLOBAL  VARIABLE  INDEX 

237 

IF (ATRIBl 14) .GT .8. )  THEN 

238 

«J*ATRIB(4)+44. 

239 

ELSE 

248 

4*ATRIB14)H8. 

241 

END  IF 

242 

c 

K  IS  THE  NUMBER  OF  MISSILES  ON  LAUNCHER 

243 

K*1XU) 

244 

IF(ATRIBll)  .Efi.  2) THEN 

243 

FACTOR: IE-21 

244 

RL*78J 

247 

ELSE 

248 

FACTQftsS.fi  18723E-4 

249 

RL«133. 

271 

ENBIF 

271 

NMTRIB13) 

272 

SRNW(TR1B(17) 

273 

TIME*. 23 

274 

IF  (TNQR*T1HE.CE.ATRIB(8)  )THEN 

273 

ATR1B(5)>8. 

274 

GOTO  41 

277 

EM91F 

278 

c 

279 

c 

START  POSITION 

281 

c 

2tt 

X8MC0* ( ATR II (8) -TNOMI *ATRIB (2) /4f . 

212 

c 

283 

c 

POINT  OF  FIRST  MISSILE  FIRE 

284 

c 

213 

XRMC*UQKO  -  mHE«ATRIB(2)/4l.) 

284 

SRNG^flRT  (XRNC«2+ATRIB  (7)  **2) 

217 

IF(38NG.L£.3.)THEN 

281 

ATtIB(3)*8. 

219 

ATRIBI8)*ATR1B(8W. 

298 

GOTO  48 

291 

ENBIF 

292 

IHMGMIINT  (XRNG) 

293 

c 

294 

C  C*tt  m  F1X1N6 

293 

c 

294 

80  38  I*IIRNG«8r*t 

297 

AZ»A81NIAT1IB(7WS*NC)*37.3 

298 

IAZ«AZ/18*,3 

299 

81GMT*NCS(lAZil) 

388 

IFlATtll(l)  .18.  2.) THEN 

143 


311 

312 

313 

314 
383 
3tt 

3f7 

3M 

319 

31< 

311 

312 

313 

314 

313 

314 

317 

318 

319 
321 

321 

322 

323 

324 

323 

324 

327 

328 

329 
331 

331 

332 

333 

334 

333 

334 

337 

338 

339 
348 
Ml 

342 

343 

344 

343 

344 

347 

348 

349 


C  PEN  IS  AN  ALCH  AND  THE  INVERSE  S/N  RATIO  IS  CONFUTED 

RATION  ACTOR*  ISRNC*1852)«4.  /SIGHAT 
ELSE 

C  PEN  IS  A  BONDER  AND  THE  J/S  RATIO  1$  CONFUTED 

RATI0»fACT0R*l$RNC»t8J2)«2/SlCNAT 
ENDIF 

CEP*$SRT 12.42E*8*RATI0*($RNG*4I74)**2  *  I99.*RATI0*424.I 
IF (CEP. CE. 1888) THEN 
PKSSsf.l 

ELSE1F(CEP.LE.2I.)THEN 

PK$S*1.8 

ELSE 

R*(RL/CEP)**2. 

PKS$*t  -  .3«R 
ENDIF 

IF1PKSS  .GE.  11144))  THEN 
GOTO  41 
ELSE 

XMtelMC'l 

SRNC*S«T(XRNG«2.  *  ATRIB<7)*21 
IFURK  Al.  I.  .OR.  SRNC  .LE.  5.)THEN 
ATR1D13)*8. 

ATRIB(8)*ATRIB(8)-l. 

T1NE*(2RN60*1RNC)/ATRIBI2)*4I. 

GOTO  48 
ENDIF 
ENDIF 
38  CONTINUE 
C 

C  FIRING  SEBIIENCE 

C  FIRE  UNTIL  PENENTRATOR  IS  KILLED. LEAVES  COVERAGE  OR 
C  K  MISSILES  ARE  FIRED 
48  DO  38  I*l.K 

IF1ATR1B17)  .LE.  .8UTHEM 

XRNG»2388.*SRNC/ (ATRII12)  *  23H.) 

ALPHMl. 343481 
BETA*#.! 

ELSE 

ALPHA*ATAN(XRNG/ATRIB(7)) 
BETA*ASIN1C0S1ALPHA)*ATRIB(2)/2388.1 
IRNC«ATtll (7) *T AN (ALPHA-BETA) 

EMIT 

IXMM11UM. 

TI1C*(lRNGO“tRMG)  /ATRIB12)*48. 

88K*$8RTlXRN6Mt.  *  ATRIB17)«2.) 

A2«(4LFHA-IETA)*57.3 

IAZ*(98.  *  (ALPHA  -  BETA) *37.3)/ 18  *.3 

SIGHAT  tRCSUAZ.N1 

IF(ATRIBll)  .El.  2) THEN 

P9  IS  AN  ALCH  AM  THE  INVERSE  S/N  RATIO  IS  CONFUTED 


C 


2333 *32333 23382888838333333333 3SgSsggegSSgggsa« 


33  i  RATIO=FACTOR*  ($RRC»t832)  «4 .  /SICNAT 

332  ELSE 

333  C  PER  IS  A  BOMBER  AND  THE  J/S  RATIO  IS  COMPUTED 

RATIO*FACTOR» ( SRNC* 1032) **l. /SIGMAT 

END  IF 

CEP*SGRTl2.42E-8*AATI0«(m*4l74.)«2.+l99.*RATIQ+424> 

IF  (CEP  .CE.  lllf.ITHEN  - - - 

PKSSM.f 

ELSEIFtCEP  .LE.  2I.1THER 
PKSS-l.f 
ELSE 

R*(RL/CEP1«2.  — _ 

PK$$S1.-.3**R 
ERDIF 

ARCLESB£TA*37.3 
X*UNFRH(f.i.999t2) 

PK*PKS$*.8 
IF (X  .LT.  MOTHER 
ATRIB(3W. 

GOTO  M 
EMBIF 

C  COMPUTE  HER  POSITION  BASED  OR  3  SECOND  IKTERFIRE  TIME 
C 

DELXR*.I3*ATRIB121/4I. 

IRRG-IRRC  -  DELXR 
TIMELINE  ♦  .13 

SRM6*S0RT (XRNC**2.  ♦  ATRIB(71«2.) 

1FIXRNC  .LE.  I.  .OR.  SRNC  .LE.  S.ITHER 
ATR!B(3)*f. 

ATRIB (8) *ATRIB (8) - l . 

GOTO  bt 
ERDIF 
31  CONTINUE 
T1NE«T1NE-.I3 
ATRIB (31*1. 

C 
C 

M  USERF*TIHE 

RETURN 
C 
C 

C  USERF  (3) 

C  THIS  USERF  DETERMINES  AN  IND1VIHML  HARMED  PEN'S 
C  TINE  OF  SRAM  LAUNCH  II 
3  USERF* (XI (27)  /ATRIK2)  )H9.  *  THOU 

RETURN 

C 
C 

C  USERF  (4) 

C  THIS  UBERF  DETERMINES  AN  IROIVIIUAL  MANNED  PEN'S 


145 


♦It 


♦«♦ 

♦B 

♦44 

417 
♦*8 
♦19 
♦tl 
♦U 

412 

413 

414 

413 

414 
♦17 

418 
418 
421 

421 

422 

423 

424 
423 


C  TIME  OF  SRAM  LAUNCH  12 
4  USERF = (XI (28) / ATR1B (2) ) *44.  ♦  TNOU 

RETURN 
C 
C 

C  USERF  <7L  _ 

C  THIS  USERF  DETERMINES  AN  INDIVIDUAL  MANNED  PEN’S 
C  TIME  OF  PENETRATING  ZONE  4’S  TERMINAL  DEFENSE 
C  OR  IF  THE  PEN  IS  AN  ALCM  IT  SETS  THE  TIME  OF 
C  PENETRATION  OF  THE  ZONE  IN  UHICH  THE  ALCM  1$  TARGETED. 
7  IF(ATRIBU)  .E8.  ltTHEN 
C  — THE-PEN  IS  A  BOMBER 

USQtF  *  (XX  (29)  / ATRIB  (2)  1  *41.  4  TNOH 
C  ELSE  THE  PEN  IS  AN  ALCM  AND 
ELSEIF(ATRIBdl)  .EG.  2JTHEN 
C  HIS  ZONE  ASSIGNMENT  IS  ZONE  2 

USERF : ( XX (3f ) / ATRIB (2) ) *41 .  *  TNOU 
ELSEIF(ATRIBUl)  .EG.  3.JTHEN 
C  ZONE  ASSIGNMENT  IS  ZONE  3 

USERF  * (IX (31 ) /ATRIB (2) ) *41.  ♦  TNOU 

ass 

C  ZONE  ASSIGNMENT  IS  ZONE  4 

USERF : (IX (32) /ATRIB (2) ) *41 .  ♦  TNOU 
ENBIF 
RETURN 


424 

427 

428 

429 
438 

431 

432 

433 

434 

433 

434 
4317 

438 

439 
441 

441 

442 

443 

444 
443 
♦44 
447 
♦48 


C 

C  USERF  8 

C  THIS  USERF  DETERMINES  THE  TIME  TO  EU/CCI  DETECTION 
C  COOKIE  CUTTER  RADIUS  OF  THE  SITES.IX1431 
C  THE  MEAN.  IHU.  IS  USED  AS  THE  MEAN  OF  THE  EXPONENTIAL  TIME 
C  BETUEEN  ENCOUNTERS. 

C 

8  XHU«3*H.*4#J(XX(24MX(431*2*ATRIB(2)> 

C  THE  TINE  TO  ENCOUNTER  IS: 

TTEsEXPQN(XMUi3)  +  .33 
USERF*TTE 
RETURN 
C 
C 
C 

C  USERF  9  DETERMINES  CRUISE  MISSILE  TCT  ZONE  ASSIGNMENTS 
C  TIC  FIRST  111  OF  THE  CM  FORCE  IS  TARGETED  IN  ZONE  ONE 
C  AFTER  THAT  TK  CM’S  ME  CTCUCALLT  ASSIGNED  TO  ZONES  2»3.4 

9  IF (NHCNT (2)  .LE.  XX(4))THEN 

USERF*t. 

ELSE 

U8ERF*HOO(NRCNT121«3T«2. 


3 


431 

432 

433 

434 
433- 
434 

437 

438 

439 
441 

441 

442 

443 

444 

443 

444 

447 

448 

449 

471 
47t 

472 

473 

474 

473 

474 

477 

478 

479 
481 

481 

482 

483 

484 

483 

484 

487 

488 
419 

498 

491 

492 

493 

494 

499 
494 
497 
491 
499 


C  USERF  if 

C  THIS  FUNCTION  RETURNS  USERF  AS  THE  TINE  TIE  FIGHTER  IS 

C  IS  TIES  UP.  SETS  ATRIB(3)»  AND  ATRIB(U)  IS  »  OF  N1SS1LES 

C  REMAINING  ON  THE  FIGHTER. 

-  C 

C  GENERATE  FTR  ARRIVAL  TIRE 

C 

C  ASSURE  UNIFORM  ARRIVALS  FROM  2N  T8  488  SECS 
18  FARRV*UNFRM(3.33.4.47f4)  4  THOU 

IF(FARRV.CE.ATR!B(14>  ♦  t. II THEN 
ATRII(5)*8. 

USERF *ATR1B 1141 -TNON 
RETURN 
END1F 
MATHIS  (3) 

IF(FARRV.LE.ATRIB(19) 1THEN 
IF (ATR1B (1) .ED. I . 1THEN 
PDC*.7*PDC1N(N) 

ELSE 

PDC*PBCIN«) 

ENDIF 

ELSE 

lF(ATRIIU).EB.t.)THEN 

PK*.7«PK0UT(N) 

ELSE 

PDC*PBCOUT(N) 

ENDIF 

ENDIF 

C 

C  COMPUTE  KILL/ NO  KILL 

MNnMI.«l.i9t 
IFIX.CT.PKITHEN 
ATtII(3)«8 
USERF *FARRV-TNOU 
RETURN 
ELSE 

C  SINGLE  SWT  PR  IS  ASSUKD  .8  MS  A  TIN  SWT 

C  VOLLEY  FIELDS  A  *PRSS«  OF  .94 

PRSS-.94 
NML*ATR1I(14) 

IQ  98  J*ltWNL 

ATNIK 14)  •ATRIDt  14)  *  1 . 

C  18(1  THE  DICE 

Xmf9DK8.il.t4) 

IFIX.LE.PRSSITHEN 

ATRII(31*1. 

U8ERF«fABPHN0H 

WDM 

ENDIF 

C 


147 


511 

C 

SECOND  SHOT 

512 

FftRRV*FARRV  ♦  .2 

513 

?# 

CONTINUE 

544 

END  IF 

515 

USERF*FARRV-TNO« 

544 

RETURN 

517 

C 

5N 

c 

54* 

c 

USERF  11 

511 

c 

THIS  FUNCTION  CONFUTES  THE  FTR  TURN  AROUND  TINE* 

511 

c 

BASED  ON  A  UNIFORM.!  DISTRIBUTED  FLTINC  TIME  TO  RTB 

512 

c 

AND  A  CONTSTANT  TURN  TINE  OF  44  MUTES.  NO  DEGRADATION. 

513 

c 

514 

11 

USERF*UNFRN(7.tl7.tU  ♦  44. 

515 

RETURN 

514 

c 

517 

c 

518 

c 

51* 

c 

USERF (121  DETERMINES  THE  LAUNCHER  THAT  TIE  PEMETRATOR  IS 

521 

c 

ENCAGED  BT. 

521 

c 

IF  CORRIDOR  41  THEM: 

522 

12 

IF(ATRIBUS)  .EO.l)  THEN 

523 

Lsl 

524 

N»3 

525 

EMIF 

524 

c 

IF  CORRIDOR  42  THEN: 

527 

IFIATRIB115) .£0.21 THEN 

528 

L*4 

52* 

N*4 

538 

EMIF 

531 

NAX*4 

532 

USERF *4 

533 

DO  74  I*L»N 

534 

1F(II(18  ♦  I)  .CT.NA1.AND.NNRSC(2>I)  .NE.DTHEN 

535 

NAMIU8+1) 

534 

USERF*l 

537 

EMIF 

538 

71 

CWTINUE 

53* 

RETURN 

34f 

c 

541 

c 

• 

542 

C  1 

USERF  13 

543 

c 

KTEMINES  TO  WICR  FTR  GROUP  T*  PER  MU.  IE  SENT.  THOSE 

544 

c 

FTR8  WO  HAVE  QNLT  ONE  MISSILE  REMAINING  ME  FRE9RCD  TO  IE 

545 

c 

SHORTEST  ON  FUEL  AM  HAVC  PRIORITT  08ERFTH8S  BITH  A  FULL 

544 

c 

ueafon  cohplenert. 

547 

13 

IF(MRSC(11)  .CT.  41THEN 

548 

54* 

ELSE 

558 

UWF«2. 

EMBIF 

RETURN 


USERF  14 - 

THIS  USERF  RETURNS  THE  DELAY  TINE  TO  RTB  MO  RELOAD 
FOR  A  FTR  OUT  OF  DSLS.  ALSO  ZEROES  ATRIB  If  OF  PEN 
ATRIBUIl*!. 

USERF*UNFRH(7..17..7)  ♦  U. 

_ RETURN 


USERF  IS 

RETURNS  THE  FUNCTION  AS  TIKE  DELAY  BEFORE  A  FTR  CAN 
BE  REASSIGNED  TO  ANOTHER  PEN.  ZEROES  ATRIB  II 
ATRIKlIl*#. 

USERFtl. 

RETURN 


USERF  tt 

LAUNCHER  ASSICNHENTS 


IF  (ATRIB  ( 1)  .ED.  1.  .OR.  ATRlB(lt).EQ.4.)THEN 
SET  INOICIES 
L*13 
11*18 

ATRIB (1?) *71 

ELSEIF (ATRIB (IS) ,EB. 1.  .AND.  ATRIB(tl) .EB.2.1THEN 
L«7 
IM 

ATRnmi*A? 

ELSEIF (ATRIB (IS). ED. 1  .AND.  ATRIB (It) .EQ.3) THEN 
L*lf 
R*tZ 

ATRIB (IT) *71 

ELSEIF  (ATRIB  (IS)  .EB.Z  .AM.  ATRIKU)  .EQ.3)  THEN 
L«l? 

8*21 

ATRIB l IT) *72 

ELSEIF  (ATRIB (13)  .EI.2  .AM.  ATRIB(II)  .ED.UTHEN 
L*22 
Ml 

ATRI8(lt)*73 

EMIF 

MX*# 


M  AM  I*L»N 

IF (IX lAA^I)  .61.  MX  .AM.  MRICUl+I)  .NE.DTHEN 
MI*R(444l) 
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ENDIF 
4N  CONTINUE 
RETURN 
C 

c 

c  userf  t7 

C  COMPUTES  TERMINAL  SAM  RELOAD  TIMES  AND  TERMINAL 
C  MISSILE  STOCKPILE  STATUS 
17  ATMt(l«l*«. 

J*ATRID(4)*44, 

KPUE*ATRI1(19) 

C  PERFORM  CHECK  ON  STOCKPILE  AND  SET  TIRE  TO  A 
C  REPRESENTATIVELY  LONG  TIME  IF  STOCK  IS  OUT 
IFIIKKPILEI  .LE.  I.) THEN 
USENF*1M. 

RETURN 

ENDIF 

C 

C  DETERMINE  NURSES  OF  RSLS  TO  LOAD 
LONM-UUt 

IF  (11  (VILE)  .LE.  LOAD!  THEN 
LflAS*IX(KPIl£) 

ENDIF 

XI (KPILE1  *11  (KP1LE)  'LOAD 
XXU)*I1(J)+LQAD 
C 

C  SET  TIME  TO  RELOAD  AS  A  FUNCTION  OF  RSLS  TO  E  LOADED 
IF (LOAD  .EO.  i.JTHEN 
USERF *4. 

RETURN 

ENDIF 

USEff»l.*LOAD 

RETURN 

C 

C 

c  user  to 

C  RETURNS  USERF  AD  TIE  TIME  DETEEEE  EN6ACENENTS 
C  FOR  THE  SAM  SITE.  ALSO  ZEROES  ATtlllf 
IS  AtlHU«1*l. 

USERF* .2 
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17  C  THE  FOLUNING  ARE  THE  EVENT  SUBROUTINES  IN  THE  MODEL 

C 

SUBROUTINE  EVENT (I) 

(BWOM/SCOHI/ATRIBUH)  ,00(144)  .DBL1144)  .DTHQH.II.NFA. 

DSTOP.NCLM.RfllMtNPRKT.IMRUM.NNSET.NTAPE. 

:  $$(114)  iSSL(1M>  tTMEXT  rTNOttrXX  t  Iff) 

C0IM0H/UC0R2/Z1  (21)  .22(44)  .13(41)  .24(41) 
C0T0(l,2,3.4.5,4,7,8.9«tl. 11.12, 13.14. 15. 14.17). I 
C 

C  SUBROUTINE  ONE  INITIALIZES  12(4)  WHICH  IS  THE  #  OF  CR’S 
C  TARGETED  IN  THE  FIRST  ZONE  AND  IS  A  FUNCTION  OF  THE  i  OF 
C  DAMNED  PENETRATORS  ASSIGNED  TO  CORRIDOR  #1,11(1) 

C  IN  A  SIMILAR  FASHION  IX  (7)  IS  SET  BASED  ON  U(2) 

C  FOR  CORRIDOR  #2 
C 

1  XX (4) *21. *11(1) 

11(7) *21.-11(2) 

C 

C  INITIALIZE  THE  COOKIE  CUTTER  Eii/CCt  DETECTION  RADIUS.  XX  (43) 
C  BASED  ON  THE  PENETRATOR’S  ALTITUDE.ATRIBU) 

IF(ATR!B(4)  .LE.  2IDTHEN 
11(431*23.1 

ELSE1F i ATRIB (4)  .C£.  499.1  THEN 
11(43) *39.1 
ENB1F 

C  CALCULATE  THE  AVERAGE  TINE  IN  COVERAGE  FOR  A  GIVEN  ENCOUNTER 
C  BASE)  ON  PEN’S  ALTITUDE  AH  SPEED.  IN  THIS  CALCULATION 
C  NO  DIFFERENCE  IS  ASSUMED  BETUEEN  EACH  PEN’S  ALT  AND  SPEED 
IF (XX (3)  .Efi.  2M.)THEN 
C  CALCULATE  TIC.  11(48) 

XX (411*43.3/11(31*44. 

EURFdKS)  .ED.  34f.)THEN 
C  CALCULATE  TIC,  IX (41) 

XI (41) *47. 3/11 (31 *41, 

EMIF 

VTUNN 

C 

C 

C  SUBROUTINE  2  COMPUTES  OPIATES  THE  VAPD  VARIABLE, XI  (23)  FOR 
C  TAKETS  STRUCK  IN  ZONE  l.  IT  ALSO  BETERB1NES  KILL/DO  KILL 
C  FORTS  EN/GCI  SITES  AM  RESETS  11(24). 

C 

z  iFuntnm  .eb.  mthb 

C  THE  PESTMTM  IS  A  CM1SE  MISSILE  NITH  A  CEP  OF  444’, 
e  Ml  *  44MMIELH2MKT,  REP*2  *  BE?. 

IMM4M1.47 
IEP*  (44*1.47 

C  CQKMiTE  THE  HIS  IlSTANCE 
l«M0M(l.,l»Pt4) 

T*WMN(4,.BEP,41 
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497 

ADIS*$0RTUm2,  +  I«2.) 

498 

C 

SCALE  HOB.  AMD  HISS  DISTANCE  TO  IKT  REFERENCE 

499 

$H0B*4ftf./2H.*+. 333333 

711 

0tS*ADlS/2fV.H,333333 

7ft 

c 

COMPUTE  ALPHA  AND  BETA*  THE  PARAMETERS  FOR  THE 

712 

c 

LOGNORMAL  DAMAGE  FUNCTION 

713 

A*LQCl!l(43)) 

7f4 

B*.3 

m 

ELSE 

714 

c 

THE  PEXETRATOR  IS  A  MANNED  BOMBER  WITH  A  5RAVITT  NEAPON 

717 

c 

HELD*  IREGATONt  HOB*#.»CEP*l«H.i  ftEP=2  *  OEP 

7M 

XREP*9N.*1.47 

7f9 

DEP*45f.*t.47 

711 

X=RNCRH(I.iIREPi5) 

711 

T*RN0RH(I..DEP*3» 

712 

c 

COMPUTE  HISS  DISTANCE 

713 

A8IS=S0RTIXh2.  ♦  T«2.) 

7U 

c 

SCALE  HOB  AND  MISS  DISTANCE  TO  IKT  REFERENCE 

715 

SHOB'f. 

714 

DIS=ABIS/1IW.«.  333333 

717 

c 

COMPUTE  ALPHA  AMD  BETA*  THE  PARAMETERS  FOR  THE 

718 

c 

LOGNORMAL  DAMAGE  FUNCTION 

719 

A*L0Glll(42)) 

721 

B«.3 

721 

ENDIF 

722 

Iff# 

$RH*SORT (SHQB*SH08+DI$*DIS) /3.2813 

723 

IFISRM  .IT.  3f.)THEN 

724 

PD*t.f 

723 

GOTO  Ilf 

724 

ENIF 

727 

IF  (SIS  .IT.  .Hit)  THEN 

728 

TT«3. 1413/2 

729 

ELSE 

731 

TT*ATAN($HQB/BIS1 

731 

ENDIF 

732 

P9*.ft«€IP  (4f  ,3«SRHH  l-  .293)1 

733 

Pf»  ,Nt»EIP(31  ,3*SRMh  (•  ,2134)  1 

738 

KLP*P9*  (P9-?f)*C0S(Tn«2. 

735 

IF  (Ml  .IT.  IN)  GOTO  IN 

734 

tKOClSRM) 

717 

A2*QP(.35493*N«3-4.7t33*N*N*4t  .44MM2.D19) 

73k 

B2*€XP(.2319Z«Uh4  *  5.8741HH43  *  3B.298WU  -  183.95* 

739 

i  +248.8) 

74« 

G2*QP(.1824*Uh4  -  4.3478**»3  +  38.4ft7*»2  -  149.39* 

741 

:  ♦  214.24) 

742 

P2>  COt  (TT) « ( 2»B2)  +S IN (TT) ++A2+E1P ( C2) 

743 

DELMELP  ♦  P2 

744 

C  COWTE  NORMALIZES  V  VALUE 

745 

IN 

Z* (LOG (HELP)  •  A)/B 

744 

ZA»AKfZl 
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747 

C  CONSTANTS  FOR  NORMAL  CURVE  FIT 

748 

T*t/(1*.2314419*ZA) 

749 

11*. 31938153 

751 

82*-. 354543782 

751 

B3* 1.781477937 

752 

84»- 1.821255978 

753 

B5*t. 331274429 

754 

FI*EXP(-Z*Z/2) /SORT (2*3.141391 

755 

C 

COMPUTE  PD 

754 

AREA*FZ»(Bl*T  ♦  B2*T**2  ♦  83»T«3  ♦  B4*T«4  +  B5*T«5) 

757 

IF (I  .LT.  8.5THEM 

758 

PD*AREA 

759 

ELSE 

741 

PD*l.-  AREA 

741 

EMBIF 

742 

Ilf  IF  (LABEL  .EQ.  UCOTO  INI 

743 

IF (LABEL  .E8.  25  GOTO  1112 

744 

IF  (LABEL  .EB.  35  GOTO  1H3 

745 

MATRIK21) 

744 

IF (N  .CT.  2S5THEN 

747 

N*N-2I 

748 

EXBIF 

749 

XX  (251  *11(251  ♦  PDUKN5/2M. 

771 

IF(PD*Z1(N>  .CE.  .31 THEM 

771 

XX(24)*XX (245-1. 

772 

EMBIF 

773 

Z1(M*Z1(M5  -  PDiZl(N) 

774 

RETURN 

775 

C 

774 

C 

777 

C 

SUBROUTINE  3  DESTROTS  THE  PEMETRATOR’S  CORRESPONDINC 

771 

C 

ENTITY  ON  THE  EMVEMT  CALENDER  AS  THE  PENETRATQR  IS 

779 

C 

ABOUT  TO  BE  ERCACE9  BT  THE  SAN  SITE 

788 

3 

X*ATRIB(ll) 

781 

NRANK*NFlNB(l»NCURt  lftf  »X»  .fll 

712 

CALL  BMVE(NRANNiNCLNRfATRIB) 

783 

RETURN 

784 

C 

715 

c 

SUBROUTINE  4 

784 

c 

BEHOVES  PEI'S  CORRESPONDING  ENTITY  FROM  FILE  11  -  FTR  FILE 

717 

4 

lMTRll(lf) 

788 

NRMKsVtNKti  lit  If <liXi  .11) 

789 

CALL  RMOVEMRAMKi  HiATRlBl 

791 

RETURN 

791 

c 

792 

C  SUBROUTINE  5 

793 

5 

PRINT*.'  SUM  5' 

794 

RETURN 

795 

C 

794 

C  SUBROUTINE  4 
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797 

4 

PRINTii’SUBR  4» 

798 

RETURN 

799 

C 

8M 

C  SUBROUTINE  7 

8ft 

7 

PRINT*»’SUBR  V 

8f2 

RETURN 

813 

C 

8#4 

C  SUBROUTINE  8 

8fS 

C 

THIS  SUBROUTINE  DETERMINES  THE  AMOUNT  OF  TARGETS  THE 

8f4 

C 

PEN  ATTACKS  BASES  ON  UHEX  HE  EXITTED  THE  AREA. 

817 

C 

818 

C  IF  PEN  IS  AN  ALCM  BY  PASS  THIS  SECTION 

8f9 

8 

IF(ATRIStl)  .E8.  2) GOTO  131 

8tf 

IF(ATR1B(3).E8.  I.)THEN 

811 

ATRIB(ll) =4. 

812 

1*4 

813 

16*3 

814 

ELSEIF1TMH  .CE.  ATR1B1 131) THEN 

813 

ATRIB(U)*3. 

814 

L*4 

817 

IC*f 

818 

ELSEIFITNOH  .CE.  ATRII(12))THEI 

819 

ATR1BU1)*2. 

82f 

L*3 

821 

16*# 

822 

else 

823 

L*4 

824 

16*# 

823 

EMIF 

824 

ATRII{l9l=L*IC*l. 

827 

IF  CL  .6T.  DTHEN 

828 

C 

COMPUTE  SRAM  VAPO 

829 

C 

SRAM  CE?  IS  8M  FT  -  CIRCULAR  PATTERN  STEEP  REEKTRT  i 

831 

CEP*8ff. 

831 

TlELB*2fi. 

832 

l  wii  till 

833 

BBWEN1.47 

834 

M  29#  J*ItL 

833 

AIIS*RMRR(f.  i  DEVi  U 

834 

A*LQC(XX(43)I 

837 

t*.3 

838 

C 

SCALE  Wit  m  N1S8  IISTARCE  TO  1KT  REFERENCE 

139 

SMB*MB/T1ELSm,33333 

•4# 

nsm»/TiaSH.33333 

841 

LAKL*t 

842 

C 

COMPUTE  PI  m  VRPB  MSO  OR  BIStSMOBtAtl 

843 

GOTO  Iff# 

144 

mi 

LABEL*# 

•43 

IF1J  .11.  3ITHEX 

844 

N^TRIl  (221-^1 
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347 

IHN.CT.  68)  THEN 

843 

N*N-4R 

849 

ENDIF 

321 

XX(25)*IX(Z3)+PD»Z2(N) /2f8. 

851 

22  IN)  *22(1)  -PD«2Z(N) 

852 

ELSE 

853 

N*ATRIB(23) *4+4 

854 

IF  IN.  (1.64)710 

855 

N»N-48 

851 

EN8IF 

857 

XX  (25)  *XX  t2S>  +PD*23  (Ml  /2M. 

858 

23<N):Z3(N)~  PD*Z3(N) 

859 

ENDIF 

8 U 

29# 

CONTINUE 

861 

ENDIF 

862 

IF (1C  .CT.  8)THEN 

863 

C 

80NB  CEP  IS  1888  FEET  -  ELLIPTICAL  PATTERN 

864 

c 

XREP*2*8EP 

365 

TIED* 1888. 

866 

H08=8. 

867 

XREP*9H.#1.47 

868 

DEP*458.»1.47 

869 

DO  218  0*t.lC 

878 

XsRNOW(f.iXREP»ll 

871 

T=RN0RH(8.i0EP.l) 

872 

c 

CONFUTE  HISS  DISTANCE 

873 

ADIS*S0RT (X*X  ♦  T*T) 

874 

c 

SCALE  HISS  DISTANCE  TO  1  XT  REFERENCE 

875 

SMOD’I. 

876 

i)IS*A81S/TlELD*t. 333333 

877 

A*L0C(IX(42)) 

878 

l*.3 

879 

LAKL*2 

881 

c 

CONFUTE  PD  AND  VAPD  BASED  ON  DIS>SH08tA»8 

881 

GOTO  1IN 

882 

1882 

LMEL*8 

883 

N*ATRI»(24)-J+1 

884 

IF CN  .CT.  69DTHEH 

885 

NH8 

886 

ENDIF 

887 

XXl23)*XX(2S)*PD*Z4(N)/288. 

888 

Z4(N)*Z4(N)  -  PD*24(N) 

889 

218 

CONTINUE 

898 

ENDIF 

891 

c  suMwrrnc  8  trims  for  terninate  counts 

892 

RETURN 

893 

c 

894 

C  CRUISE  RISS1LE  SECTION 

895 

158 

T1ELS*2N. 

896 

N8IM8N. 

897 

!REP-34«.*1.47 

m 

DEP*189.*t.47 

w 

C 

CENERATE  THE  HISS  DISTANCE 

m 

X»RN0RH(9.»XREP.l) 

991 

T:RN0RH(9.i0EM) 

912 

AOIS*SQRT (X*X  ♦  T*T1 

913 

C 

SCALE  HOI.  MO  HISS  DISTANCE  TO  1KT  REFERENCE 

994 

$H08=  HOB / T IELD*» . 33333 

915 

DIS*ADIS/TIELD«.  33333 

916 

A*L06(XXI43)) 

9*7 

B=,3 

<m 

LABELS 

999 

c 

CONFUTE  VAPD  MO  PD 

919 

GOTO  1199 

9U 

1993  LABEL* 

912 

<U*ATRIB(11)  +  21 

913 

INATRIB(JJ) 

914 

IF (N  .CT.  49) THEN 

913 

N*N-49 

914 

EN8IF 

917 

IFtJJ  .E8.  22) THEN 

918 

II  (231 3 IX  (23)  *n*22(RI  /Z99. 

919 

Z2(N)3Z2(N)  -  PB+221N) 

929 

ELSEIFtJJ  .E8.  23) THEN 

921 

XX (23) *12 (23)*P9*Z3 (N) /299. 

922 

Z3(M)*Z3(N)  -  P0*Z3CN) 

923 

ELSE  IF  (Js)  .E8.  24)  THEN 

924 

XI (23) *XX (23) *0*24(8) /299 . 

923 

Z4(N)*Z4(N)  -  PB*Z4(N) 

924 

ENBIF 

927 

C  SQM  8  RETURNS  FUR  TERRIMTE  COUNTS 

928 

RETURN 

929 

C 

939 

C 

SUBROUTINE  9 

931 

C 

DETERMINES  INDIVIDUAL  BOMBER  TOT  ASSIGNMENTS  BITKIN  EACH  ZONE 

932 

9 

ATRIK21)  *NNCNT  (99)*NNCNT (93)  +NNCNT  (91)  +NNCNT  (94) 

933 

ATR1B(22)*3*(NNCNT  (99)-HMCNT  (93)  l+NNCNT  (92l*NMCNT  (97) 

934 

ATR1K23I  *3* (NNCNT  (99)  +NKNT  (93)  )+NNCNT  (93J+NNCNT  (98) 

933 

ATRIK24)  *3*  (NNCNT  (99)  +NNCNT  (93) 1+NNCNT (94)*NNCNT  199) 

934 

RETURN 

937 

C 

931 

C 

939 

C 

3UBMNTINE  19 

949 

C 

DETERMINES  INDIVIDUAL  ALCM  TCT  ASSIGNMENTS  HITHIN 

941 

C 

ITS  ASSIGNED  ZONE 

942 

19 

IF(ATRIDUl)  .EB.DT1EN 

943 

ATRtl(21)*NNCMT(91)'HNKNT(94)+NNCNT(9lt+NNCNT(93) 

944 

ELSEIF(ATRIB(11).ED.2)THER 

943 

AT1ID 122)  *NNCNT  (92)  ♦NNCNT  (971  *3*  (NNCNT  (99)  *NNCNT  (93) ) 

944 

ELSEIF(ATRIKll)  .E0.3)THEN 
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947  ATRIB (23)  *WOT  (93)  +NNCNT  (94) +3»  (NMCKT  (91  )♦  NNCNT  (93) ) 

943  ELSEIF(ATRIB(ll).E0.4)T)O 

949  ATRIB  124)  *MCNT  (94)+NNCNT  (99)+3*  (MOT  19«)-HMCMT  (93) ) 

931  EM  IF 

RETURN 
C 
C 
C 
C 

C  SUBROUTINE  11  ILLIHINATES  THE  PENETRATOR’S  CORRESPONDING 
C  ENTITT  FROM  SAR  AWAIT  FILE  it. 

11  X*ATRlB(lf) 

NRANK*NFlNB(lii. llifili.lt) 

CALL  RHOVE (MRANKi 1 • ATRIB) 

RETURN 

C 

C  SUBROUTINE  12  1LLIHINATES  THE  PENETRATOR’S  CORRESPONBINC 
C  ENTITT  FROM  SAM  AWAIT  FILE  12. 

12  X*ATR1B(1I) 

NRANK>NFlND(lt2t lftltXt.il) 

CALL  RMOVE (NRANKt2t ATRIB) 

RETURN 

C 
C 
C 

C  SUBROUTINE  13  ELIMINATES  THE  PENETRATOR’S  CORRESPONDING 
C  ENTITT  FROR  TERM  SAM  AWAIT  Fill  CORRIDOR  *1  ZZ' 

13  X*ATRlBUi) 

NRANK*NFlNB(l>13t lftftlt.il) 

CALL  RNOVElNRANKt  13»ATRIB) 

RETURN 

C 
C 

C  SUBROUTINE  14  ELIMINATES  THE  PENETRATOR’S  CORRESPONDING 
C  ENTITT  FROR  TSAR  AWAIT  FUE-CQRRIDQRf  1  ZONE  3 

14  l*ATIllUf) 

NRANK*NFtNB(lt 14tlftftXt.il) 

CALL  RNOVElNRANKt 14t ATRIB) 

RETURN 

C 
C 

C  SUBROUTINE  13 

C  ELIMINATES  T*  PENETRATOR’S  CORRESPONDING  ENTITT  FROR 

C  TS4N  AWAIT  FILE  13  -  Z0NE4 

13  X*ATRIB(lf) 

NMNK4FlNBUtl3tlftftXt.fi) 

CALL  RNOVElNRANKt  13iATR!B) 

RETURN 


C  SUBROUTINE  16 

C  ELIMINATES  THE  PENETRATQR'S  CORRESPONDING  ENTITT  FROM 

C  TSAR  AMIT  FILE' 16  -  CORRIOORft.ZONE  3 

16  X*ATRlBUi> 

NRANK*NFIN0dil6t  IBilili.lU 
CALL  RIQVEtNRANKitt.ATRlBl 
RETURN 

C  - - 

C 

C  SUBROUTINE  17 

C  ELIMINATES  THE  PENETRATOR'S  CORRESPONDING  ENTITY 

C  FROM  TSAN  AUAIT  FILE  17  -  CORRIDORIZi  ZONE  2 

17  X*ATRI8dl) 

NRANK*NFtNDdil7fll.l»Xi.lt> 

CALL  RMOVE(NRANKil7tATR!Bl 
RETURN 

END 

C 

c 

c 

c 

:  OUTPUT  SUBROUTINE 
SUBROUTINE  OTPUT 

COMMON/SCOMl/ATRIB(llfl»W(lMliDBL(lN)*OTNOy»lIiHFAi 
MSTQPt  NCURvNCRORiNPRNT  tNNRUNf UNSET  iNTAPEi 
:  SSdff  I  iSSLdffi  »TNEXTi  TNOMiIXdHJ 

DIMENSION  AVE(6f) 

IFCNNRUN.CE.DTHEN 
DO  3IM  l*t»6# 

AVEII1*#. 
if##  CONTINUE 
TRUNS*l«f. 

QffllF 

PRINT* 

PRINT* 

PRINT* 

PRINT* » 'FOR  RUN  NUMBER  'tKNRUN 


1847 

1148 

1149 
IISI 
1151 
IfSZ 
l«53 

1154 

1155 
1154 

1157 

1158 

1159 

1848 
1141 
1NZ 

1143 

1144 

1145 
1144 

1147 

1148 

1149 
1178 
1171 
1V72 

1173 

1174 

1175 
1174 

1177 

1178 
1*79 
1I8« 
1M1 
1882 
1M3 
1N4 
1115 
1114 

1117 

1118 
1889 
1198 

1891 

1892 

1893 

1894 

1895 
1894 


NBSB$*8i$8$l+HB$BS2 

M$1$»M$8$1+MS8$2 

8$8$*tt$8S+M$B$ 

IF(».5T.8)T)0 

PS8BS*F10AT (MBSBS) /MB 
ELSE 

P$B8S*9999 

EHfilF 

IFUM.GT.DTHH 

P$HB$*FLMT (KKSBS) /NR 
ELSE 

PSltt$*9949 

EMIF 

P$B$*FLQAT IBSBS) /NPEMS 
MM=WCMT(14) 

MM4X=9MQIT(14> 

MlsKBAl+MMl 
IF  (Ml  .51.  8)1)0 

ERCPER* (MOTT (33) -NNCXT (281 1 /FLOAT (MAI )  - 

ELSE 

EHCPSM499. 

EMIF 

MMI*MAI-MC8T(34) 

NKS4I>NM1'M0IT(3S) 

XSAlMBSAl+NtSAl 

IF(WCri29HMC*T(74)  .CT.  8) THEN 

PBCX*FIQAT  (HNCMT  (29) )  /  (MNC8T  (29)  ♦MCJfl  (74) ) 
ELSE 

P0CX*9999. 

EMIF 

IF  (MAI.  51, 8)  DO 

PS8AI  *FLOAT  (WSA I )  /NBA1 
ELSE 

P$M159999 

EMIF 

IF  (181.51.8)1)0 

PSMl*FLMT  (MSAl)  /NMI 
ELSE 

P8MI*9999 

EMIF 

IF (Ml. 51. 1)  DO 
FMI*FIMT  (HMD  /MI 
ELSE 

FM1«9999 

EMIF 

WE(1)*4VE(1)'H8S)S1/T8URS 

WEU)*«VE(2)«MS88t/TRUM 

ME(3)*AVE(3)+MISlfDtUM 


j> 


1N7 

ins 

inv 

UN 

1111 

1112 

1113 

lift 

1113 

lift 

1117 

UN 

UN 

1111 

1111 

1112 

1113 

1114 

1113 

1114 
1117 
UU 
11M 
1121 
1121 
1122 

1123 

1124 

1123 

1124 
1127 
1123 
11M 
1131 

1131 

1132 

1133 

1134 

1133 

1134 
1137 
1131 
UN 
11N 

1141 

1142 
UN 
1144 
UN 
lift 


AVE  (4)  *AVE  (4)  +NBS8S2/TW1NS 
AVI IS) *AVE13)+NR$B$2/TRUNS 
AVE (4)  *AVE  (4)  ♦ASBS2/TWWS 
AVE(7)  *AVE(7)  +WOIS/TRUNS 
AVEl8)*AVE(8)+NESC8$/mj*S 
AVE(9)*AVE(9)+PESC8$/TRUN$ 

AVEUI)*AVElll)+tt$B/TRU)tS 
AVE(U)*AVE(U)+WKK/TRUAS 
AVE<12):AVE(i2)+ttS8$/TRlMS 
AVE ( 13) *AVE ( 13) ♦PSBBS/TRUKS 
AVEU4)  *AVE(14)+P$»$/TW»$ 

AVEll3)*AVEU5)+PS8$/TRlflt$ 

AVE ( 14) =AVE (14) +NBAI /THUDS 
AVEU7)  *AVE(17)  +WA  I/TIttMS 
AVEli8)*AVEli8)NAt/T»»$ 

AVE(19)*AVEU9)+€NCPBI/TWJKS 

AVE(ZI)*AVE(2l)*ttSAl/TWINS 

AVE(21)*AVE(21)+MHSAt/7WMS 

AVE(22)«AVE(22)*NSAI/TRUN$ 

AVEl23)*AVEt23)*WCK/TWJNS 

AVE(24)«AVE(24)*PS8At/TRM$ 

AVE(23)«AVE(23)4NliAl/TRUNS 

AVE(24)aAVE(24)+PSAUTW)NS 

C 

C 

C 

C 

NTS12*NNCXT(37) 

NST$12*NT$12-NNCNT(49) 

WTS13NMCXT  (38) 

«T$13*NTS13-NNCNT(54) 

RTS14*WCMT(39) 

NSTSIWTSIHMCXT  (39)  -WOT  (44) 

KT$23*MNCXT(4f) 

N8TS23*NTS23-*NCXT<4!) 

NT322NKNT141) 

N8TS22mS22*NKXT  (73) 

NNKTSNKXT  (77) 

K3CTSNKN(42)NKN(N)NKN(ft)NKNT(4S)NNCXT(ft) 
NKTtNKAlHKXT  (39) 

■VTSNMA1 HKIT  (ft)  HKNT  (341  *NNCIT  (44)  *NNXT  (48)  •  WCNT  (73) 
MTSNRTSNMTS 
C 

1ERTS*NTS12*VTS13*NT314*NTS23+NTS22 

IF(TBT3.l£.l.)T)0 

PEICTS*9999 

a s 

W6TtNEICT>/T0»l 

OMF 

tFtNMAl.CT.DTm 


160 


P$BT$*FLQAT (KBSTS) /KBSAI 
ELSE 

PS8TS*VW 

EHDIF 

IFOKtSAI.CT.DTtGI 

P$RTS*FLQAT  (MSTS)  /MHSAI 
ELSE 

P$8T$*WV 

EMDIF 

IF (NSAI .CT .1) THEM 
P$7$*FL0AT IKSTS) /NSAt 
ELSE 

P$TS*W9 

EXBIF 

AVE(27)*AVE{27)HITSi2/TRUI»S 
AVtt28)  *AVE123)  •HAST512/TRUWS 
AVE(29)*AVE(tt)*TSl3/TRUIt$ 
AVE (3«) *AVE (38) +HSTS13/TRUHS 
AVE{3l)«AVEl3l)*iTSU/TJH»$ 
AVE(3tl«AVEl3Z)**ST$14/TW8$ 
AVE  (33)  aAVE  (33)-HfTS23/TRU8S 
AVE  (34)  *AVE(34)+ASTS23/TWJAS 
AVE  (33)  *AVE(33)+MTSt2/TWfl(S 
AVE(34)*AVE{3A)+ASTSa/TWIIS 
AVE(37)*AVE(37)+WOETS/TW»$ 
AVE  (33)  *AVE  (38)  -HIESCTS/TBUHS 
AVE  (3V)  *AVE  (3?)  ♦WSTS/TWflIS 
AVE(4#)*AVE(4#)+HSTS/TWH$ 
AVE(4l)*AVEUl)+VSTS/TRUVS 
AVE(42)  *AVE(42)+PS8TS/TWMS 
WE143)  *ANE  (43)  +PSHTS/TWKS 
AVE(44)*AVE(44)+fSTS/TWJHS 


BWVB>19*(ll(l)*lX(t)) 

IFt*WI.6T.I.)THE» 

HC>  (NCXKBDHHKXT  (tt)47«WCn(«3)«lf«(MC)IT  (84) )  /BUPttS 
ELSE 

EWtF 

lFUK.CT.DTffil 

OWE*  (MOTT  ( 13)  ^MCNT  (83) )  /FLOAT  (M) 

ELSE 

MgCaMM 

Vlit*T^T 

E»IF 

mi*WKIT(13) 

IW*IST$tt+NSTS22+3*tllClff  (82I+3*MQIT  (83)+3*(MQ(T  (84) 


1197 

im 

im 

12ff 

1211 

1212 

1213 

1214 

1215 
1214 

1217 

1218 
1219 
1211 
1211 
1212 

1213 

1214 

1215 
1214 

1217 

1218 
1219 
1221 
1221 
1222 

1223 

1224 

1225 
1224 

1227 

1228 
1229 
1231 

1231 

1232 

1233 


1 
f 
I 

1239 

1248 

1241 

1242 

1243 

1244 

1245 
1244 


HPX3*RST$13+XST$23+3*IMCXT  (83)+3MMCXT  184) 
IWPX4*K$TS14-HKCXT C84)*3*HHCKT (84) 
)WPXS*!MmMWPX2+NyPII3M(UPX4 
VAPD*II(23> 

AVE  (33)  *AVE(53) 

IF(XB.CT.»)THEX 

P$B*FLOAT (MMCXT (84) ) /MB 
AVE  (35) !  AVE  (33) +P$B»*2 
asE 

PSB*9999 
AVE(S5) *9999 
EXDIF 

!F(KH.5T,i)DO 

PSA*  (XXCXT  (85)  ♦ABOUT  ( 15) )  /FLOAT  (Ml) 
AVE(57)*AVE137)+P$A«2 
ELSE 
PSA*9999 
AVE (37) *9999 
EXBIF 

PSFL*  (NMCNT  (84)  MMCXT  (85)  MMCXT  1 13) )  /FLOAT  (KPENS) 

AVE(43)*AVE143)+BXE/TWMS 

AVE(44)*AVE(44)+C1WE/TR»M$ 

AVE147)  *AVE(47)MWPX1/TXUXS 
AVE(48)*AVE(48)MIIPX2/TWXS 
AVE(49)*AVE(49)MWPI3/T1WXS 
AVE  (58)  *AVE  (31)  MWPX4/TRUXS 
AVE<3l)*AVE(31)MRIPXS/TRUXS 
AVE (32) *AVE(32) ♦VAPB/TRUXS 
AVE(34)*AVE(34)*P$BfTRUXS 
AVE(34)*AVE(34)+P$A/TWJX$ 
AVE(38)*(WE(38)+PSFUTRUXS 
AVE(59)*AVE(39)+P$FL«2 
C  SET  UP  IMKPQBQtT  VARIABLE  IKBICIES 
IF (XI  .E8.  DTHEX 
IFX*5 

ELSEIFIXB  .E8.  8) THEX 
IFX*4 

ELSEIFIXB  .El.  29)T)0 
IFX*3  ' 

ELSEIFIXB  .El.  32)TK» 

IFX»2 

ELSEIFIXB  .El.  481THER 
1FX»1 
EXBIF 

IF (11 (3)  .El.  388.)TXEI 
tSFEEB*! 

ELSEIF(11(3)  .El.  488. )DO 
ISFEEW 

ELSEXF (11(3)  .El.  888.)DO 
ISKEB-3 
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1247 

1248 

1249 
123# 

1231 

1232 

1233 

1234 

1235 
1234 

1237 

1238 

1239 
1241 

1241 

1242 

1243 

1244 

1243 

1244 

1247 

1248 

1249 
1271 

1271 

1272 

1273 

1274 

1273 

1274 

1277 

1278 

1279 
1288 
1281 
1282 

1283 

1284 

1283 

1284 

1287 

1288 
1289 

1298 

1291 

1292 

1293 

1294 

1299 
1294 


PRINT*.'  RCS  SET  ».n(4h*  SPEED  SET  MSPEED.'  KNOTS  ».H13 
IRCS»U14) 


PRINT* 

CALL  KEADER1 


PRINT  23M«NBiNBSBSliNBS8S2iKBSBStPSB8SiNBAli 
: NBSAI i PSBAI i NH i NNSBSt » NNSBS2 1 NltSBS i PSRBS  t  KHAI > 
siOtSAl »PSHAI .NPENS.NSBSl »N$B$2.NND8$.NE$C8$.PE$CB$» 
sNSIS.PSBSiNAI .ENCPER.NSAI .PDCX.PSAI 
23H  F0RMT(2(T2iI3tTlfil3tT19il3iT32il3>T59if3.3iT49»I3> 
:T9S*I3»TllitF3.3/)>T2il3.Tlf.l3fT19il3*T29iI3t 
5T38.I3»T43iF3.3»T32iI3»T39*F3.3»T49»I3»T77iF3.2i 
:T98.I3.TlA8.F3.3.Tlil.F3.3/) 


CALL  HEADER2 


PRINT  24#8*ttSTS.P$DT$.NN$TS.P$NTS.NTSl2»NSTSl2» 
:RTS13«NSTS13.NT$14fN$TS14tNT$23iNSTS23» 
tNTS22.NSTS22iNQETStNESCTS.NSTS.PSTS 
2488  FORMAT (21T1I9. I3.T1 13. F3.3/).T4»13»T12» 13. 

:T22» 13* T38. I3.T39. 13* T47 » 13.734. lit T44. 13. 
:T74iI3iT82>13iT92fI3fT191iI3tTli9.I3tT115iF3.3/l 


CALL  HEADER3 


PRINT  23IO*IMEiCMHE.VAPR*PS8.P$A.PSFl.NUPNl«RMPN2i 

>NHPN3.NHPR4*NHPNS 

2388  F0MNAT(Tt»F3.3.Tl2»F3,3*T21*F7.3»T29.F3.3.T33» 

>F4.3i  T48iF3.4iT47. 12iT33>  I2.T39. 12.T43. 12iT72>  13) 

C 

M8CTE(49t4lIFN»lSPEED.IRCS.WP8.PS88S.PSH8StPSIAI.PSHAI 

>.PS8TS»PSNTStP$A»PS8.PSFL*PESClS.PESCTS 

PRINT* 

PRINT**  *  URBTE  DATA  SETA  » .ANNUM.'  TO  TAPE  49’ 

PRINT* 

C  T1US  SECTION  COMPUTES  THE  STANDAM  DEVIATIONS 
C 

IF  (ANNUM. CT, TRIMS)  THEM 

SSVAPt*$88T ( (AVE133)  -TRUNS*#fE(32) ) / ITRUMS- l) ) 
S8PS»>S0RT ( (WE133) -TRUNS*AVE (34) ) / (TRIMS- 1) ) 
S8P34»$0RT(IAVE(37)*TRUN$*AVE(3I))/<TRUN8*1)) 
S8PSFl>S0RT  ( (AVE  (39)  -TRUNS*AVE  (38) )  /  (TRUNS- 1 ) ) 
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1297 

PRINT*. 

1299 

PRINT  ’(39t"X"))’ 

1299 

PRUT* 

13M 

PRINT**  *  FINAL  RESULTS  -  RUN  PARAMETERS:* 

1311 

IF(H(1).E0.9.)THEN 

1312 

IFN*5 

1313 

ELSEIF (XX(1). £0.2) THEN 

1314 

IFN*4 

1393 

ELSEIF (XX ( 1) .EQ.5) THEN 

1394 

IFN*3 

1397 

ELSEIF (XXII) .EQ.81TNEN 

1398 

IFN*2 

1399 

ELSEIF  inm.Ea.ll)  THEN 

1319 

IFN*1 

1311 

00  IF 

1312 

PRINT** ’FORCE  NIX#  '.IFN 

1313 

PRINT** *RCS  SET:  »,XX(4) 

1314 

PRINT* * ’SPEED  :  ’ill(3)>>  KNOTS’ 

1313 

PRINT**’  ALTITUDE  :  **XI(2).’  FEET* 

1314 

PRINT*.’  SITE  OENSITT  :  ’»2*XI18).’  SITES/NN’ 

1317 

PRINT* 

1318 

C 

1319 

CALL  MEADERl 

1329 

PRINT  2499*NB*AVE(i )  * AVE14) . AVEU9)  *AVEU3)  *AVE  114) » 

1321 

:AVE(2f)  »AVE(24)  .NH.AVE12)  .AWE (3)  lAVEUl) » AVEU4)  * 

1322 

:AWEU7)  >AWE(21)  .AVE1231  .NPENS.AWE13)  .AWE  (4)  .WE  17)  * 

1323 

:ME(8)  .AVE19)  .AWE  lit)  .AWE  (13)  .AWE  (18) ,  AWE  119) . 

1324 

:AVE122) .AWE (23) .AVE124) 

1323 

2499 

FORMAT (21T2.13.T4.F7,3.T18.F7,3.T31.F7.3.T39.F3.3. 

1324 

:T47*F7.3.T89*F7.3*Tt!9*F4.4n.T2>I3*T9.F7.3*T18* 

1327 

:F7,3»T28.F7.4*T37fF7.3*T43fF3.3.T3l»F7.3*T59.F3.3. 

1328 

:T47fF7.3iT74*F4.3fT89rF7.3rTlN*F4.4*TllltF4.4/) 

1329 

C 

1339 

C 

1331 

CALL  HEAD6R2 

1332 

PRINT  2799. AWE (39) .AVE142) .AWE149) .AWE(43) .AWE (27) * 

1333 

:AWE(2t) .AVE129) .AWE139) .AWE (311 .AVE132) .AWE (33) . 

1334 

OWE  (34)  .AWE  (33)  tAVC(34> .  AWE(37)  .AWC(38)  .AWE  (41) . 

1333 

<  AWE  (44) 

1334 

2799 

F0RNATl2IT199*F4.2»Tli3*F3,4/).T2»F7.3*Tll»F?.3*T2f» 

1337 

»F7.3*T29iF7.3iT37*F7.3*T44iF7,3»T34.F7.3»T43*F7.3* 

1338 

:T7Z»F7.3iT81»F7.3«T90*F7.3iT109*F7,3*Tl99»F4.2» 

1339 

JT113.F3.W) 

1341 

C 

1341 

C 

1342 

CALL  NEAIGI3 

1343 

PRINT  2M9*AWE(43)  .AWE (44)  .AWE (32)  .AWE  134)  *AWE(34) 

1344 

i  AWE  (38)  *  AVE(47)  .AWE149)  .AWE149)  .AWE  (39)  .AWE  (31) 

1343 

2899 

F0NNAT(T2»F4.4»T12*F4.4iT22*F4.3*T28»F3.3*T34*F3.3» 

1344 

>  T39*F4.4*T44*F3.2iT32>F3.2iT38*F3.2» 
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s  T44tF5.2»T71»F7.3/l 


1347 


1348 

C 

1348 

c 

1351 

c 

RESET  FOR  NEXT  RUN 

1351 

c 

1352 

c 

1353 

DO  28M  t*li4# 

1354 

AVEU)*f. 

1355 

288# 

CONTINUE 

1354 

END  IF 

1357 

RETURN 

1358 

END 

1358 

C 

1341 

C 

1341 

SUBROUTINE  HEADER1 

1342 

PRINT  2f#ft’BANDSAM  SURVIVORS V*** 

1343 

: ’TOTAL  CORRIDOR  CORRIDOR  HOTS ’PRODS ’TOT  BSAH’t 

1344 

s'BSAH  *’ * ’ENTERINC’ » ’EXP#* » ’TOTAL  AI'» 

1345 

:’AI  P0Ctt/S’PENSS’#l’.’#2S’BETECTEDS 

1344 

: ’ESCAPED* > ’ESC* > ’SURVIVORS’ t’PS  <*>’AI  AREAS 

1347 

:  ’ENCOUNTERS’  >  ’SURVIVORS’  •  ’ENCOUNTER’ » ’PSA1  ’ 

1348 

ZM9 

FORNATl/T8'A'T45fA/T2>AiT44'A»T5»»A> 

1348 

:T48.AtT47.A.T77.A.T87tA»T88»A/T2»A.Tll»A. 

1371 

\ 

:T18fA»T27iA>T34rA»T44iAiT5lrA>T41iAiT47iA« 

1371 

sT74tAtT8?iA»T88»A»Tlt#»A) 

1372 

RETURN 

1373 

EN8 

1374 

C 

1375 

c 

1374 

SUBROUTINE  HEA0ER2 

1377 

PRINT  21M.  ’TSAR12’ .  ’TSAN13’  i  ’TSAH14’ .  ’TSARZ3’ » ’TSAH22’ . 

1378 

s  ’NOT’ » ’TOTL’ i ’TSAR’  ■ ’ENTERED/SURVIVED’ . 

1378 

i ’ENTERED/SURVIVED* t 'ENTERED /SURVIVED’ . ’ENTERED/SURVIVED* 

1381 

i ’ENTEREI/SURVIVED’ . ’DETECTED’ » ’ESCAPED’ » ’SURVS  ’PS’ 

1381 

21M 

FORMAT  C/T7 iAiT2S>AiT42i AtT58»AiT77  «A>T82> At 

1382 

«TltiiAiTll4»A/T2tA»T2l»A»T37*AiT54»A»T72»A. 

1383 

iT99«AtTlfftAtTllftAtT117tAl 

1384 

RETURN 

1315 

END 

1384 

C 

1317 

C 

1388 

SURMUTINE  HEARERS 

1389 

PRINT  22H»*1US8I0N  EFFECTIVENESS* t’REAPQNS  KLNEREDS 

1381 

» ’TOTALS 

1391 

J*I8NW».’ALCNS*9AP8S’P88S’P8AS’PSFIS 

1382 

i’XONEI  Z8NE2  28NE3  ZflNE4S'HPRS' 

1383 

22M 

F0RRATl/T2iA»T48»A»T71rA/T3»A»T13iA»T24iA»T38»A*T35.A. 

1394 

iT4f  tAtT44i  A»T71  tA) 

1385 

RETURN 

1384 

EM 

165 


APPENDIX  D 

DERIVATION  OF  WEAPON  SIGMAS 


Appendix  D 


4 


% 


Weapon  miss  distances  are  normally  described  In  terms  of  a 
singular  CEP  (Circular  Error  Probable).  CEP  is  the  median  miss  dis¬ 
tance  of  a  weapon.  This  does  not  say  anything  about  the  distribution 
of  those  miss  distances,  only  that  50%  lie  below  and  50%  above  the 
CEP.  — - 


In  the  model  DILUTE  hit  patterns  were  modeled  by  normal  distri 
butions  with  a  mean  of  zero  and  standard  deviation  functionally  re¬ 
lated  to  CEP.  The  following  analysis  equates  CEPxwith  the  standard 
deviation  from  a  normal  distribution  for  a  single  variate  case  and 
then  extend  the  analysis  to  the  bivariate  case. 


where  +  and  -  denotes  direction. 

Assuming  a  normal  probability  density  function: 


e'^'  Jr  ■=  .V 


(40) 


solving  for  * 


c epx/<tx  -  -63 

<rx "  *  CEPx 


(41) 
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For  the  bivariate  case: 


where: 

CEP,  =  VcEP2  +  CEP2  (42) 

'  X  y 

To  solve  for  <T  and  (J  first  state  one  CEP  as  a  multiple  of  the  other: 
x  y 

CEPX  “  N  *  CEPy  (43) 

Substituting  into  equation  (42): 


CEPt  »V(CEPX)2  +  (CEPx/N)2 


CEP, 


-  Vn2  +  1  * 


CEP„ 


CEPX  -  *  CEPT 


(44) 


Substituting  Into  equation  (43): 


Once  the  CEP  is  broken  out  then  the  standard  deviation  for  each  direc 
tion  may  be  calculated  via  equation  (41). 


For  ALCM  and  bomber  gravity  weapons  N  =  2,  and  for  SRAM  N  *  1. 
The  following  are  the  CEPs  used  for  each  weapon: 


Gravity 

ALCM 

SRAM 

CEPt 

1000 

400 

800 

CEPx 

900 

360 

570 

CEPy 

450 

180 

570 
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APPENDIX  E 

CURVE  FIT  FOR  OVERPRESSURE  "KNEE"  CURVES 
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SR***”- 


Appendix  E 

This  Appendix  Includes  the  curve  fits  for  the  overpressure  "knee" 
curves  and  the  normal  distribution  used  for  computing  probability  of 
damage. 

Overpressure  Curve 

The  curve  fit  used  was  taken  from  (Ref  25  ) 

Let:  SRM  =  scaled  Slant  Range  in  meters 
SHOB  *  scaled  heights  of  burst  in  feet 
DIS  *  scaled  Ground  Range  In  feet 
OELP  3  Overpressure 


727 

728 

729 
731 

731 

732 

733 
738 

733 

734 

737 

738 

739 
748 

741 

742 

743 


IF  (DIS  .IT.  .MtDTHEX 
TT=3. 1415/2 
ELSE 

TT=ATM(SHOBm$l 

EK01F 

P9*  .ll*£IP  (4f.3*$RH**(*  .295) ) 
Pf*.fil»EIP(3t.3*$W!**(*.2l36)) 

OELP=P9-(P9-P«)*COS(Tn«*2. 

IF($W  .IT.  IMICOTO  IN 
KcLQC(SRH) 

AZs£IP<.33493*X**3*4.7133*e*8*4l. 448*8-82. 819) 

8Z*E1P(. 23192*8**4  *  5.8741*8**3  ♦  5».298«8*8  -  165.95*8 
:  +248.8) 

C2SEIP(. 1824*8**4  -  4.3678**8»*3  ♦  38.6117*8**2  -  149.59*8 
:  +  214.26) 

PZ*  COS (T7)** (2*82) *Sl8(TT)**A2*£lPtC2) 

0ELP=BELP  ♦  P2 


PD  Calculation 

Once  the  overpressure,  DELP,  Is  calculated  the  Probability  of 
Damage  (PD)  Is  computed.  PD  is  assumed  to  follow  a  log  normal  distri¬ 
bution  with  parameters  or  and>^  .  If  PD(a  p)  follows  a  lognormal  curve, 

then  P0(ln(£p))  follows  a  normal  curve. 
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The  following  transformation  was  used  to  obtain  a  normally  distri¬ 
buted  random  variable  with  a  mean  of  zero  and  standard  deviation  of 
one: 


z  *  In(DELP)  -  CL 

P 


(46) 


The  probability  density  function  for  the  standard  normal  curve: 


« 


(47) 


The  following  curve  fit  was  used  to  approximate  the  area  under  the 
normal  density  function.  The  curve  fit  Is  valid  for  positive  values 
of  z  (Ref  35:49  ): 


747 

748 

749 
75# 

751 

752 

753 

754 

755 

756 

757 

758 

759 
768 
741 


C  CONSTANTS  FOR  NORMAL  CURVE  FIT 
T=W(1*.2314419«ZA) 

It* .31938153 
12*-. 356543782 
13*1.781477937 
MM. 821255978 
15*1.338274429 

FZ*EJP(-Z*Z/21 /SORT  12*3. 141591 
C  COMPUTE  PD 

AREA*FZ»l8l«T  ♦  82*T**2  ♦  B3*T**3  ♦  M*T»*4  ♦  I5*T*«5) 
IF(Z  .LT.  8.1THEN 
Pt*AREA 
ELSE 

PD*l.-  AREA 
EttIF 


i 

APPENDIX  F 

DESCRIPTION  OF  SLAM  ATTRIBUTE  VALUES 


The  array  ATRIB(I)  contains  the  values  of  the  attributes  assigned 
for  each  entity.  This  appendix  contains  a  description  of  the  attributes 
assigned  to  the  penetrators.  Where  more  than  one  description  is  given 
the  role  of  the  attribute  changed  as  the  entity  traveled  through  the 
network.  This  was  done  in  order  to  conserve  computer  core  memory. 

ATRIB(I)  *  Type  of  penetrator  (l=Bomber,  2=ALCM) 

ATRIB(2)  *  Speed  of  penetrator 
ATRIB(3)  *  RCS  level 
ATRIB(4)  *  Altitude 

ATRIB(5)  =  ‘  Detect  =1/  No  detects 

•  Kill  =1/  No  Kill  =0 

ATRIB(6)  *  '  Time  to  enter  the  first  point  of  possible  SAM  encounter 
'  Index  to  determine  the  launcher  assignments  for  the  SAM 

ATRIB(7)  *  Distance  offset  from  SAM  site 

ATRIB(B)  »  The  time  that  the  penetrator  exits  the  SAM  coverage 

ATRIB(9)  *  Time  of  next  GCI  detection 

ATRIB(IO)*  Sequence  number  of  the  penetrator 

ATR I B ( 1 1 )*  Zone  to  which  penetrator  Is  targeted  (ALCM) 

ATRIB(12)»  Bomber  time  of  SRAM  launch  in  Zone  2 
ATRIB(13)«  Bomber  time  of  SRAM  launch  in  Zone  3 

ATRIB(14)«  '  Time  of  Bomber  penetration  into  Zone  4 

*  Time  of  ALCM  penetration  into  Zones  2,  3,  or  4 

ATR I B ( 1 5 ) -  Corridor  number  of  penetration 

ATR I B ( 1 6 ) *  Number  of  missiles  the  fignter  has  left  after  an  engagement 

ATRIB{17)«  Slant  range  of  SAM  encounter 

ATRIB(18)»  Enroute  time  to  the  next  AI  encounter 

ATRIB(19)«  ‘  Time  of  exiting  the  current  GCI  radar  coverage 
'  Total  number  of  weapons  released  by  the  entity 


ATRIB(20)*  not  used 

ATRI8(21)*  Entity's  target  assignment  within  Zone  1 
ATRI8(22 >*  Entity's  target  assignment  within  Zone  2 
ATRIB(23)*  Entity's  target  assignment  within  Zone  3 
ATRIB(24)»  Entity's  target  assignment  within  Zone  4 


APPENDIX  G 

SIMULATION  RUN  OUTPUT 


« 


This  appendix  contains  the  output  from  a  single  run  of  the  model 
DILUTE.  Force  Mix  3  (200  ALCM/  20  Bombers)  was  used.  RCS  and  Speed 
were  set  at  level  2.  The  key  variables  used  in  data  analysis  were 
PROB  ESC  (Probability  of  Escape  -  that  is  the  probability  that  a  pen- 
etrator  will  egress  the  SAM  coverage  while  the  site  is  either  tied 
up  with  other  penetrators  or  has  exhausted  its  supply  of  missiles), 
BSAM  PS  (Band  SAM  Probability  of  Survival),  PSAI  (Probability  of 
Survival  of  the  AI  threat),  TSAM  PS  (Terminal  SAM  Probability  of 
Survival),  VAPD  (Value  Average  Probability  of  Damage),  and  PSB  (Prob¬ 
ability  of  Survival  of  the  Bomber).  Where  there  are  three  rows  under 
a  heading  the  first  row  pertains  to  Bombers,  the  second  row  pertains 
to  ALCMs,  and  the  third  row  shows  the  total  for  both  ALCM  and  Bomber. 


FOR  RUN  NUMBER  1 

RCS  SET  Z.  SPEED  SET  Z  KNOTS  Ml. 


BANDSAN  SURVIVORS 


CORRIDOR  CORRIDOR 

NOT 

PROB 

TOT  BSAM 

BSAH  «  ENTERING 

EXP# 

TOTAL  AI 

AI  PDCtt/ 

fl 

12 

DETECTED  ESCAPED  ESC 

SURVIVORS 

PS  •  AI  AREA 

ENCOUNTERS  SURVIVORS 

ENCOUNTER 

PSAI 

8 

9 

17 

.851  17 

9 

.529 

45 

64 

131 

.655  124 

94 

.758 

73 

75 

3 

82  .378 

148 

.673  141 

1.11 

113 

.244 

.731 

TSAK12 

TSAN13 

TSAR14 

TSAR23 

TSAR22 

NOT 

TOTL  TSi 

ENTERED/SURVIVED  ENTERED/SURVIVED  ENTEREB/SURVIVED  ENTERED /SURVIVED  ENTERED/SURVIVED  DETECTED  ESCAPED 


17 


IS 


17 


19 


SURV  PS 

2  .222 

2  .121 

4  .139 


91SSI0R  EFFECTIVENESS  WEAPONS  DELIVERED  TOTAL 
NRIER  ALCN  VAPD  PSB  PSA  PSR.  Z0NE1  Z0NE2  Z0NE3  Z0ME4  HPRS 
.475  .MS  .44481  .IN  .MS  .ISM  24  37  37  4  1M 

MOTE  DATA  SET#  1  TO  TAPE  49 
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APPENDIX  H 


The  first  two  pages  of  this  Appendix  contains  a  sample 
of  the  SPSS  program  used  to  analyze  the  data  obtained 
from  DILUTE.  The  remaining  pages  contain  the  output  of 
the  ANOVA  experiments  discussed  In  Chapter  V. 
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THE.  INPUT  FORMAT  PROVIDES  FOR  15  VARIABLES.  15  HILL  BE  READ. 
IT  PROVIDES  FOR  1  RECORDS  UCARBStl  PER  CASE. 

A  NAIIMUN  OF  121  ♦COLUMNS*  ARE  USED  OR  A  RECORD. 


TV 

AO 

01 

42 
03 
44 

43 

44 

47 

48 

49 

50 

51 

52 

53 
34 
55 
34 
57 
38 
59 

40 

41 

42 

43 

44 

45 
44 

47 

48 

49 

70 

71 

72 


HISSING  VALUES  ALL19) 

VAR  LABELS  IFN.FORCE  Mil/ 

1 SPEED » SPEED/ 

IRCSrRCS  IN  DB  BONN  FROM  REFERENCE/ 
VAPDiVALUE  AVERAGE  PROBABILITY  OF  DAMAGE* 
PSBBStPRCB  OF  SURV  OF  BOMBERS  AT  BAND  SA* 
PSNBS.PROB  SURV  OF  ALOIS  AT  BAND  SAN/ 
PSBA1.PR0B  SURV  OF  BONDERS  IN  A1  AREA/ 
PSMAltPROB  SURV  OF  ALCRS  IN  A1  AREA/ 
PSBTSiPROB  SURV  OF  BOHIERS  AT  TEM1NAL  S* 
PSHTSfPROB  SURV  OF  ALCRS  AT  TERN1NAL  SAM* 
PSAiPROB  SURV  OF  ALCN  FORCE/ 

PSBiPRQB  SURV  OF  BONIER  FORCE/ 

PSFLtPROB  SURV  OF  FLEET/ 

PESCBStPROB  ESCAPING  BAUD  SAM/ 

PESCTS.PROB  ESCAPING  TERN  SAM/ 


VALUE  LABELS 


PRINT  FORMATS 
AMOVA 

STATISTICS 


IFN  m  0  ALCN  40  BONDERS 

IFN  (2)  80  ALCN  32  BONDERS 

IFN  (31200  ALCN  20  BONDERS 

IFN  (4)320  ALCN  8  BONDERS 

IFN  (3)41#  ALCN  I  DODDERS/ 

(SPEED  (1)380  KNOTS  (2)400  KNOTS  (3)800  • 
IRCS  (1)  0  DO  (2)  -10  Dl  (3)  -20  DB 
VAPO  TO  PESCTS  (4) 

PSBBS  BT  lFN(l.5)*lSPEE0(li3)iIRCS(l»3)/ 
PSNOS  BT  lFN(li3)»ISP£Q(ii3)»IRCSll»3)/ 
ALL 


000571##  CN  NEEDED  FOR  ANOVA 


t 


» 


« 


■i 

L 

3 

4 

5 

6 

7 

8 
9 

tl 

tl 

12 

13 

14 

15 
14 

17 

18 
19 


VOCELBACK  COSTING  CENTER 
NORTHUESTERERN  UMIVEftSITY 

SPSS--  STATISTICAL  PACKAGE  FOR  THE  SOCIAL  SCIENCES 
VERSION  8.1  -  JUNE  16,  1979 


-  rum  h&mf 

VARIABLE  LIST 

INPUT  RED l UR 
N  OF  CASES 
INPUT  FORMAT 


DILUTE 

IFK, I SPEED, IRCS,VAPD,PSDBS»PSR8S»PSBAl ,P« 
PSBTS , PSNTS»PSA»PSR.PSFL,PESCBS ,PESCTS 
TAPE 
451 

FIXED (T2,F2.I,2X,F2.I»2X»F2.I*2X,12F9.5> 


ACCORDING  TO  1QUR  INPUT  FORMAT,  VARIABLES  ARE  TO  BE  READ* 


21 


21 

VARIABLE 

FORMAT  RECORD  COLUMNS 

22 

23 

lFo 

F  2.  » 

t  2-  3 

24 

I SPEED 

F  2.  • 

1  4-  7 

25 

IRCS 

F  2.  • 

l  11-  11 

24 

VAPD 

F  9.  5 

l  14-  22 

27 

PS8BS 

F  9.  5 

1  23-  31 

28 

PSMBS 

F  9.  5 

1  32-  4# 

29 

PSBAI 

F  9.  3 

1  41-  49 

3# 

PSNAI 

F  9.  5 

1  31-  38 

31 

PSBTS 

F  9.  5 

t  59-  47 

32 

PSMTS 

F  9.  5 

1  48-  74 

33 

PSA 

F  9.  5 

1  77-  83 

34 

PSI 

F  9.  3 

1  84-  94 

35 

psfl 

F  9.  5 

t  95-  1*3 

34 

PESCBS 

F  9.  5 

1  114-  U2 

37 

PESCTS 

F  9.  3 

1  113-  121 

38 
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4444**4*  ANA! 

Hill  c  F  VARIANCE  *  *  i  <  4  *  *  * 

7A?S 

"value  average  5r:b*e:l:’t  or  damage 

S’  IrM 

FORCE  «H 

I SPEED 

■PEES 

IRCS 

RCS  IS  SB  SOWS  -PCS  REFERENCE 

4*44**44**** 

***4*4***44*4*4*41*444444 

" 

cm#  nr 
j'.  :  v* 

'TV** 

SOURCE  OF  VARIATION 

SQUARES 

V“ 

ft*1.! 

? 

-  r  » 

MAIN  EFFECTS 

12.443 

3 

1.33*  *33.336 

,301 

IF* 

.Si? 

4 

.217 

5*.?35 

ac-' 

s  t't'i 

ISPEES 

1.634 

*> 

.313 

*Q'  = 

ts?'-  • 

» i-  i'  - 

i  J- 

11.163 

L. 

5. 3811 

-C>i  0«* 

.ff  i 

2-WAt  INTERACTIONS 

2.973 

23 

.1*9 

n*7  -IDC 

VI  s  .V  -*' 

.331 

1FN  ISPEES 

.133 

3 

.319 

«  *»C« 

•  »  (V* 

,331 

IF*  IRCS 

Lt'j  j-j 

V 

.31? 

33.7*9 

,381 

ISPEES  IRCS 

.243 

4 

.367 

16.922 

.831 

3-WAY  INTERACTIONS 

.14* 

16 

.313 

*  SO* 
ktvU 

.83: 

IF*  ISPEES  IRCS 

.16* 

14 

.313 

2.392 

.881 

EXPLAINED 

15.333 

u 

.35? 

98.32* 

.381 

RESIDUAL 

1.632 

*35 

.38* 

TOTAL 

17. *07 

449 

.83? 

*31  CASES  WERE  PROCESSES, 
t  CASES  1  3  PCT1  WERE  MISSING. 
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4  *  4  4  4  4  4  4 


2  »4HHH  S  X  ;  i.  U  1  '  0  *  VASIA  0  E 

3  PSB  PROS  SURV  OF  3CSBER  *0\CE 

i  E?  IFX  FORCE  XU 

5  I SPEED  SPEED 


IRCS  RCS  IS  DB 

SOWN  FRO?, 

REFERENCE 

*i 

8 

9 

HIHH4UMHHI 

*  4  4  4  4 

u  m 

t  » 

m  h 

+  «  * 

It 

sax  of 

! 

c 

•j 

’  r%.-r 

A«:«  -1 

1  « 
i.  l 

SOURCE  OF  VARIATION 

SQUARES 

df  s; 

CARE 

« ? 
lb 

1*5 

w 

MIX  EFFECTS 

7.2H 

H  t 

/  A 

.335 

>8,175 

11 

IFX 

.814 

•J 

.335 

■nr.*. 

t  =  ?> 

«  *  ‘J 

15 

I SPEED 

•  fZL 

•H 

?A  * 

78.28: 

14 

IRCS 

4.214 

£  5 

« 

i.l: 

W.2I2 

.Ssl 

17 

18 

2-WAT  INTERACTIONS 

1.188 

14 

.874 

:  2? .  C’  j* 

19 

IFX  ISPEED 

.349 

4 

.388 

•  4 

ll.tb 

*  r  i 

iwbi 

2? 

IFX  IRCS 

.404 

i 

.847 

7.419 

.081 

21 

ISPEED  IRCS 

.735 

1 

.181 

24.384 

.381 

22 

23 

3-VAT  INTERACTIONS 

•  .843 

. 

.805 

H  «H 
»  r*/ 

.785 

21 

m  ISPEED  IRCS 

.843 

i  n 

IL. 

.335 

.717 

-a- 

%  1  t’  . 

25 

26 

EXPLAINED 

3.195 

35 

.213 

"A 

•> « t  j  j 

27 

28 

RESIDUAL 

2.243 

321 

.807 

29 

38 

01 

TOTAL 

10.757 

359 

.833 

5i 

32 

33 

15#  CASES  MERE  PROCESSED. 

31 

9#  CASES  1  21.1  PCT1  MERE  HISSING. 
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AD-A115  690  AIR  FORCE  INST  OF  TECH  WRIGHT-PATTERSON  AFB  OH  SCHOO--ETC  F/G  15/7 

OILUTE:  a  MINI-CAMPAIGN  SIMULATION  MODEL  TO  ANALYZE  STRATEGIC  P--ETC(U) 
MAR  82  G  J  FERRENf  R  M  GALLAS 

UNCLASSIFIED  AFIT/GST/0S/62M-6  NL 


I 

I 


n 

k 

HHHM  a  4  A  ' 

-ISIS  0  -  V 

a  R  ;  a 

N  C  E  <  *  t  »  ♦ 

4  «  % 

*3> 

j 

PSDSS 

PROS  OF  3U8V  OF  DDK 

SIRS  A"! 

r-avn  c** 

A 

sr  in 

FORCE  Nil 

5 

I SPEED 

SPEED 

4 

IRCS 

PCS  IN  D£  DCWM  FRON  REFERENCE 

7 

S 

nmiHH 

4  *  *  4 

H  t  1  H  H 

Mi 

9 

11 

SOU  OF 

*£AS  S 

*  r.y  *  «» 

'i m  * 

4  A 
*1 

SOURCE  OF  VARIATION 

S6UARES 

SF 

SQUARE  - 

IF  F 

•  L 

i-i 

NAIM  EFFECTS 

18.244 

7 

2.487  439.173 

nr  \ 
%i.  V. 

4^ 

1FN 

4.748 

j 

2,233  333.727 

.281 

13 

ISPEED 

.371 

L 

.154  29.148 

.281 

14 

« *t 

im 

,i  •  *  i 

L 

3.357  872.233 

.881 

18 

2-WAT  INTERACTIONS 

3.428 

It 

V  »  *  sse 

ti..*  -J-d  *  V 

,381 

18 

IrN  ISPEED 

.835 

4 

:m  1.437 

,288 

28 

IFK  IRCS 

3.288 

4 

.543  84.838 

.881 

21 

I SPEED  IRCS 

.377 

4 

.119  3.813 

,3,0 

22 

23 

3-«AT  INTERACTIONS 

.189 

12 

.314  2.473 

.281 

24 

IFK  ! SPEED  IRCS  ,189 

4  ^ 

lL 

.814  2.475 

.884 

25 

24 

EXPLAINED 

21.335 

23 

.424  98.823 

.821 

» 

RESIDUAL 

2.844 

324 

.384 

29 

31 

TOTAL 

23.918 

358 

.347 

31 

32 

33  438  CASES  UERE  PROCESSES. 

3*  31  CASES  (  28.*  PCT1  WERE  KISSING. 


- 

t  t i  i  u  <  i  A  M  ft  L  7  3  13 

j  F  V  A 

R  I  A 

NOE  * 

1  H  ♦ 

i  4  t 

A 

•’SETS  PR3B  BUEV 

OF  SOBERS 

AT  TEF: 

PINAL  S» 

i 

sr  im  ?orce  «x 

c 

J 

: SPEED  SPEED 

6 

IRCS  RCS  :n  DB  DOU>-  PROS 

REFERENCE 

7 

HtltnMHltHH 

HHI 

*  ♦  ♦  t 

*  4  4  1 

4  4  4  4 

4  8  4 

3 

9 

•,* 

m  of 

HEAS 

**»*»•  • 
utff*. 

A  * 

1  - 

SOURCE  OF  VARIATION 

SQUARES 

DF 

S5UARE 

n 

r 

12 

13 

MAIN  EFFECTS 

37,568 

7 

5.367  ! 

«■»  .*1*' 

.  v  t  •  y  t  i. 

.881 

14 

C  1  A 

•  WiV 

.171 

"  * 
j  *r  jw 

.8;T 

15 

ISPEED 

.355 

2 

.179 

3.594 

■ "  ■■ 

16 

IRCS 

36.7S1 

& 

18.391  : 

*69.6*3 

.881 

17 

13 

Z-m  INTERACTIONS 

.  /  ;>o 

16 

.846 

.921 

.546 

19 

IF*  ISPEED 

948 
•  ti  / 

6 

.837 

r;e 

■  /  JW 

.622 

28 

If*  IRCS 

.236 

6 

.849 

.993 

.*33 

21 

ISPEED  IRCS 

.283 

4 

.851 

1.819 

,  j9.’ 

<.2 

23 

3-WAf  INTERACTIONS 

.3*6 

12 

.329 

.579 

.358 

24 

IF*  ISPEED  IRCS 

.3*6 

• 

•  i» 

.829 

.579 

.35? 

25 

26 

EXPLAINED 

38.6*6 

35 

•  1.184 

22.194 

.881 

27 

28 

RESIDUAL 

14.776 

297 

.858 

29 

31 

TOTAL 

53.423 

332 

.161 

31 

32 

33 

158  CASES  WERE  PROCESSED. 

- 

34 

117  CASES  (  26.1  PCT1  -ERE  HISSING. 
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»  4  *  t  *  *  ♦  < 


,  I  i  i  I  {  t  i  ANALYSIS  Or  H  i  *  "  ■ 

PSSftI  PROS  S’JRV  OF  BONDERS  AI  AREA 

st  if*  force  mi 


1 SPEED 
IRCS 

**»»#****»» 

SPEED 

PCS  DB  BONN  FRM  REFERENT 

*  4  4  4 

(HI 

»  <  » 

SOURCE  0?  VARIATION 

SUN  0? 
SQUARES 

BF 

ream 

SQUARE 

s:c>;:r 

KAIN  EFFEC'S 

:?r 

ISPEED 

IRCS 

4.I5D 

.299 

4  3«?0 

r>  CAM 

blJi 

7 

A 

J 

(. 

D 

fc 

.590 

.12? 

.676 

1.252 

29.213 

4.733 

A  A  AA0 
■J-Jt'JLV 

1<  -IDO 

0  A  » •-  V  7 

r.C' 

.  t  v  t 

.322 

.881 

.881 

2-VIAT  INTERACTIONS 

IFR  ISPEED 

in*  ircs 

ISPEED  IRCS 

1.422 

.441 

.520 

.419 

It 

t 

6 

4 

.28  S 
.277 
.287 
.135 

i  V- 

3.777 

4,293 

C  *57 
•  »  •  'J  • 

.321 

.83-1 

.221 

.221 

3-WA’r  INTERACTIONS 
IFR  I  SPED 

.874 

IRCS  .*74 

•  A 

Si. 

12 

.286 

.326 

*«A 

tvVim 

,382 

,789 

.939 

EXPLAINED 

5.628 

S5 

.161 

7.328 

.221 

RESIDUAL 

6.578 

324 

.328 

TOTAL 

12.286 

359 

.334 

45#  CftSES  WERE  PROCESSED. 

91  CASES  l  28.2  PCT5  WERE  RIS$!*C. 


c 


1 

HHIUI  A 

SALT  3  I  S  3 r 

«?  R,  3  •  A  »' 

f  -  TV  4  •  • 

IE  i  i  *  * 

<  t  t; 

•> 

PER  41 

mi  SDRS'  OF  ALONE 

i  13  SI  ft'EA 

A 

j 

8!  IP* 

force  *n 

7 

ft 

I SPEED 

SPEED 

5 

:rc$ 

PCS  13  38  DCM3  FRO*  REFERENCE 

4 

7 

IHIHHU 

hiih 

IHHH 

*  1  1 

8 

9 

SU*  O' 

yEA3  I 

;:a;r 

if 

SOURCE  OF  VARIATION 

SQUARES 

DF  s; 

DARE  F 

,«r  • 

•s  ■ 

4  i 

12 

MAIN  EFFECTS 

12.259 

7  1 

.466  724.298 

.881 

13 

ic* 

1.988 

<1 

.633  313.849 

.281 

14 

I SPEED 

1.281 

2 

.341  247.113 

.821 

13 

IRCS 

7.273 

>  0  1^0*700  *00 

L  -J  I'JJt  .  tlKJ  t  J-J-J 

.881 

17 

2-MAT  INTERACTIONS 

1.887 

16 

.1*3  55.313 

.801 

18 

im  I  SPEED 

.182 

6 

.838  14,951 

.981 

19 

IFW  IRCS 

1.284 

6 

.281  99.171 

.881 

28 

ISPEED  IRCS 

.421 

4 

,185  52.866 

.081 

21 

22 

3-MAT  INTERACTIONS 

.224 

12 

.819  9.217 

.301 

23 

IF*  ISPEED 

IRCS  .224 

12 

.819  9.217 

.881 

24 

25 

EXPLAINED 

12.298 

35 

.351  173.533 

.881 

26 

27 

RESIDUAL 

.656 

324 

.882 

28 

29 

TOTAL 

12.946 

359 

.836 

31 

31 

32 

458  CASES  MERE  PROCESSED. 

33  91  CASES  l  28. »  PCTl  MIRE  MISSING. 


t 
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This  appendix  includes  computations  and  portions  of  computer  out¬ 
puts  to  support  model  verification.  Included  in  this  appendix  is  a 
sample  output  from  Program  PS  I,  Program  SAX,  and  extracts  of  a  TRACE 
report. 

Program  PS I 

Program  PSI  uses  the  inputs  of  weapon  yield  (YIELD),  height  of 
burst  (HOB),  ground  range  miss  distance  (6R),  and  the  parameters  to  the 
log-normal  damage  function  of  and  >0  .  These  terms  are  discussed  in 
detail  in  Chapter  II.  These  inputs  are  used  to  determine  the  over¬ 
pressure  (Ap)  and  Probability  of  Damage  (PD)  on  target.  The  program 
first  scales  HOB  and  GR  for  weapon  yield  as  described  in  Chapter  II. 

PSI  then  calculates  the  overpressure  on  target  by  using  the  curve  fit 
to  the  overpressure  curves  shown  in  Figure  9.  To  calculate  the  Prob¬ 
ability  of  Damage,  PSI  then  uses  a  curve  fit  to  the  cumulative  normal 
probability  distribution.  The  curve  fit  equations  are  shown  in  Appen¬ 
dix  E.  In  order  to  verify  the  output  from  Program  PSI  four  sample 
cases  are  presented: 


YIELD 

HOB 

GR 

Case  1 

200KT 

4000' 

600' 

2.197 

.3 

Case  2 

1000KT 

O' 

4000' 

2.079 

.3 

Case  3 

200KT 

4000' 

3000' 

2.197 

.3 

Case  4 

200 KT 

4000' 

6000* 

2.197 

.3 

To  calculate Apand  PD,  HOB  and  GR  are  scaled  for  weapon  yield.  The 
following  scaling  equation  (see  Chapter  II)  was  used: 
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Scaled  Distance  *  Actual  Distance 

(YIEID)1/3 


The  scaled  values  for  the  four  cases  are  shown  below: 


Scaled 

HOB 

Scaled 

6R 

Case  1 

684* 

103* 

Case  2 

1 

0 

400* 

Case  3 

684* 

513* 

Case  4 

684* 

1026* 

Overpressure  was  then  determined  from  the  graph  in  Figure  9  using 
the  scaled  values  as  entering  arguments.  As  discussed  in  Chapter  II, 
Probability  of  Damage  Is  a  function  of  overpressure  and  follows  a 
lognormal  distribution.  To  "normalize"  the  overpressure,  the  follow¬ 
ing  transformation  to  the  standard  normal  distribution  was  used: 

z  ,  Map?  r? C- 

4 

where : 

z  •  normally  distributed  random  variable  with  a  mean  of  zero  and 
<  standard  deviation  of  one. 

■  parameters  of  the  lognormal  distribution  described  In  Chapter  II. 

Once  the  z  random  variable  was  calculated  the  Probability  of  Damage  was 
determined  by  extracting  the  value  from  a  normal  probability  table 
(Ref  31:468).  The  overpressure  and  Probability  of  Damage  for  each  of 
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the  four  cases  Is  shown  below.  The  two  columns  on  the  right  are  the 
values  of  A  p  and  PO  obtained  by  the  manual  procedure  described  above. 
The  two  columns  on  the  left  were  the  values  of  a  p  and  PD  as  output 
from  Program  PS I. 


PS  I 

AP 

PD 

MANUAL 

AP  PD 

Case  1 

40.57 

1.0 

45 

1.0 

Case  2 

74.57 

1.0 

75 

1.0 

Case  3 

26.19 

.9998 

26 

.9998 

Case  4 

13.68 

.9186 

16 

.9724 

All  cases  except  Case  4  show  exact  agreement  between  the  computer 
program  and  manual  calculation.  Case  4  differed  slightly  because  of 
the  slight  Inaccuracies  incurred  using  the  curve  fit  equation.  This 
deviation  does  not  Impact  the  results  of  the  model. 

Program  SAX 

Program  SAX  Is  a  mini -simulation  of  the  SAM  encounter.  The  program 
starts  at  the  Initial  encounter  range  which  Is  a  function  of  the  initial 
detection  range  and  the  time  spent  In  the  SAM  queue.  Once  the  Initial 
encounter  range  is  determined  the  single  shot  probability  of  kill  (PKSS) 
Is  determined  and  Is  a  function  of  range  and  either  jamming-to-slgnal 
noise  ratio  (J/S)  or  slgnal-to-nolse  ratio  (S/N).  The  penetrator  Is 
tracked  until  a  PKSS  of  .2  Is  attained  at  which  time  the  SAM  begins  to 

fire  missiles.  For  a  full  description  of  the  SAM  encounter  see  Chap¬ 
ter  II. 

Shown  below  Is  a  sample  output  for  Program  SAX.  For  this  engagement 


the  following  Inputs  were  used: 


Type  penetrator  *  1  (indicates  bomber) 
Speed  *  380  knots 
RCS  level  *  1 
Missiles  Remaining  on  Launcher  *  4 

Offset  distance  *  lO.Onm 
Initial  encounter  range  ■  15.0nm 
Time  at  initial  encounter  3  1000.00  (hours .minutes) 
Time  of  exiting  coverage  *  1001.76  „  » 


The  output: 


lares  ttpe  -'en.sfeed  in  knots. sc$  set.msls 

62642  CP  STORAGE  USED. 

1.392  CP  SECONDS  COMPILATION  TIME. 

;  t'i'sitiil 

E'TES  ?  8IS.SfikCiTWCN.TIME  OUT  OF  COVERAGE 
-91f.il3.tllMtiMl.74 


TIME 

Xfitt 

AZ 

IAZ 

SIC, MAT 

CEP 

PKSS 

*$LS 

LEAD  ANC1 

.23 

9.6 

46.3 

5 

24. iff# 

218. 

.1856 

4. 

14.3 

.41 

3.6 

49.4 

V 

2f  Jiff 

231. 

.2119 

4. 

19.4 

FIRINC  : 

OS.  AT 

TIME 

.4178947368421 

.72 

6.6 

33,4 

6 

35. Iff « 

154, 

.4158 

3. 

7.2 

l.«6 

4.5 

24,3 

7 

44, if if 

128. 

.5372 

2. 

3.4 

1.37 

2.4 

13.7 

8 

544.4444 

, 

.9994 

1. 

8.8 

PENETR4TCR  MS  KILLED  IT  SHOT  3 
AT  TIME  1M1 .374414455 
TOTAL  TIME  1M  COVERAGE  1.374414454698 
END  SAX 


The  column  headings  are  defined  below: 


Time  :  elapsed  time  during  the  encounter 

XRNG  :  distance  remaining  to  exiting  coverage 

AZ  :  the  relative  bearing  of  the  penetrator.  Zero  degrees  Is 
nose  on  to  the  site  while  90  degrees  is  abeam  the  site. 

This  relationship  reverses  during  the  firing  sequence  with 
zero  degrees  being  the  limit  of  the  SAM  azimuth  coverage. 

IAZ  :  used  in  determining  the  penetrator' s  Radar  Cross  Section 
(RCS).  RCS  is  a  function  of  azimuth  and  is  divided  Into 
10  degree  Increments.  IAZ  is  the  integer  value  of  AZ 
rounded  to  the  closest  10  degrees. 

SIGMAT  :  the  penetrator' s  RCS  actually  used.  SIGMAT  is  a  function 
of  RCS  level  and  azimuth. 

CEP  :  SAM  missile  Circular  Error  Probable.  CEP  is  a  function 
of  range  and  either  J/S  or  S/N.  The  equations  used  are 
discussed  in  Chapter  II. 

PKSS  :  single  shot  probability  of  kill  which  is  exponentially 

determined  and  is  function  of  lethal  radius  (LR )  and  CEP. 

See  Chapter  II. 

HSLS  :  missiles  remaining  on  the  SAM  launcher. 

lead  angle  :  the  number  of  degrees  which  the  penetrator  must  be  lead  to 
affect  an  Intercept.  This  is  determined  by  proportional 
navigation  and  Is  a  function  of  the  encounter  geometry 
and  the  relative  velocity  between  the  SAM  missile  and  the 
penetrator.  Lead  angle  has  no  meaning  until  firing  commences. 


The  output  shows  how  the  site  tracked  the  penetrator  until  a  PKSS  of  at 
least  .2  was  attained.  One  notices  that  as  the  encounter  progresses 
the  XRNG  Is  decreasing,  IAZ  Is  Increasing,  and  RCS  increases  as  the 
penetrator  turns  to  a  more  broadside  profile.  The  higher  the  RCS  and 
the  closer  the  range  the  smaller  the  CEP  becomes.  PKSS  Increases  with 
decreasing  CEP.  Shots  are  fired  until  the  penetrator  Is  killed,  leaves 
coverage,  or  the  launcher  runs  out  of  missiles.  There  were  three  shots 
fired  with  the  third  shot  resulting  In  a  kill.  This  left  one  missile 


remaining  on  the  launcher.  All  calculations  were  verified  with  TI-59 
hand  calculator  programs  using  the  equations  outlined  in  Chapter  II. 

TRACE  Report  - 

The  following  is  an  extract  from  a  SLAM  TRACE  report.  From  the 
TRACE  penetrator  #63,  a  bomber,  was  selected  as  the  example  to  be 
includecMn  this  appendix  because  it  was  successful  in  penetrating  all 
the  defenses  and  releasing  all  its  weapons  which  were  targeted  in  each 
zone.  During  this  penetrator's  travel  through  the  network,  every  major 
portion  of  the  network  was  excercised.  The  penetrator  is  followed 
from  creation  to  termination.  The  foil  owing, then,  is  the  saga  of 
penetrator  #63: 

Elapsed 


Time 

Node 

Comments 

0 

1 

Creation 

TGT1 

Target  Assignments 

.09 

SAMI 

Queues  up  for  encounter 

2.00 

ESC1 

SAM  was  saturated.  Entity  departs  BSAM 
with  no  encounter. 

Z1 

Attacks  Zonell  -  strikes  target  #14 

FTR1 

Enters  fighter  threat 

ASN5 

Sets  the  time  for  SRAM  launches  into 
Zones  2  and  3,  and  time  of  gravity 
weapon  drops  Into  Zone  4. 

ASN6 

The  times  in  and  out  of  the  first  GCI 
encounter  are  calculated.  . 

8.85 

FCAP 

Queues  up  for  a  fighter 

CAP1 

Fighter  Is  Immediately  available.  Entity 
Is  assigned  to  fighter  group  1 

13.25 

AIG 

Fighter  encounter  Is  over.  Encounter 
duration  was  4.4  minutes. 

ASN6 

Entity  survived  encounter  and  Is  sent 
back  for  possible  subsequent  encounter. 
Times  In  and  out  of  next  GCI  area  are 
computed . 
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s 

f 

! 

I 


r 


32.00 


32.01 


32.53 

33.58 


TMZN  Fighters  were  tied  up.  Entity  waits 

until  scheduled  time  at  TSAM.  Entity 
arrives  to  the  terminal  area. 

TS14  Entity  enters  TSAM,  Zone  4.  Offset 

distance  from  SA*  was  approximately 
zero  therefore  entity  enters  SAM  envel¬ 
ope  immediately  and  queues  up  for  TSAM 
encounter. 

LI 4  Entity  stays  in  queue  .52  minutes  before 

he  is  tied  up  with  a  launcher. 

Survives  the  TSAM  encounter 
Entity  successfully  releases  6  SRAM 
and  3  more  gravity  weapons. 

TZZZ  Penetrator  #63  terminates  the  mission 

successfully. 
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VITA 


Captain  Randolph  William  Gallas 

Randolph  William  Gallas  was  born  on  16  July  1949  In  Chambersburg, 
Pennsylvania.  He  graduated  from  high  school  In  Shlppensburg,  Pennsyl¬ 
vania  in  1967  and  attended  the  Pennsylvania  State  University  graduating 
in  June  1971  with  a  Bachelor  of  Technology  degree  in  Electrical  Engin¬ 
eering.  In  1971  he  entered  Officers  Training  School  and  was  commissioned 
In  October  1971.  He  attended  Undergraduate  Navigator  Training  and  re¬ 
ceived  his  wings  in  August  1972.  He  then  served  as  a  KC-135  navigator 
and  flight  instructor  with  the  22nd  Air  Refueling  Squadron,  March  AFB, 
California  until  1977.  He  was  then  assigned  as  a  squadron  training 
flight  instructor,  and  standardization  and  evaluation  navigator  with  the 
46th  Air  Refueling  "Mosquito"  Squadron  and  the  410th  Bomb  Wing,  KI 
Sawyer  AFB,  Upper  Peninsula  of  Michigan.  He  entered  the  School  of 
Engineering,  Air  Force  Institute  of  Technology  in  August  1980.  He  is 
married  to  the  former  Ann  Marie  Burkholder,  and  they  have  two  daughters, 
Tina  Marie  and  Melissa  Ann. 


Permanent  Address:  Tabor  Road,  Box  76 

Newburg,  Pennsylvania 
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VITA 


Captain  George  James  Ferren 

Captain  Ferren  was  born  In  Lynn,  Massachusetts  on  October  8,  1950. 

He  graduated  from  Lynn  English  High  School  In  1968  and  attended  the 
University  of  Massachusetts  at  Amherst.  He  graduated  In  June  1972  with 
a  Bachelor's  degree  In  Operations  Research  and  received  his  ROTC  commis¬ 
sion  Into  the  United  States  Air  Force. 

After  completing  navigator  training  at  Mather  AFB,  Sacremento,  Cal¬ 
ifornia  he  was  assigned  to  the  17th  Bombardment  Wing,  Wrlght-Patterson 
AFB,  Ohio  as  a  Radar  Navigator  flying  In  the  B52H.  After  a  short  tour 
of  duty  In  the  B52D  at  Utapao  Airfield,  Thailand,  he  was  assigned  to  the 
319th  Bombardment  Wing,  Grand  Forks  AFB  in  July  1975  where  he  served  as 
a  squadron  instructor  Radar  Navigator.  Moving  over  Into  the  319th  Bomb 
Wing  Staff  In  May  1978,  Captain  Ferren  completed  his  northern  tier  assign¬ 
ment  as  the  Wing  Missile  Operations  Officer  in  charge  of  SRAM  operations. 

He  entered  the  Air  Force  Institute  of  Technology  In  August  1980. 

Captain  Ferren  Is  married  to  the  former  Carolyn  F.  Johnson  of 
Sacremento,  California.  They  have  three  children,  William  Andrew  (12  years), 
Teresa  Sharon  (11  years),  and  Christine  Aspacia  (9  months). 

Permanent  Address:  PO  BOX  375 

No.  Windham,  Maine  04062 
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This  study  develops  a  computer  simulation  model  of  manned  and  unmanned  pen- 
etrators  in  a  strategic  scenario  in  order  to  evaluate  the  effects  of  various 
force  mix  combinations  of  cruise  missiles  and  manned  bombers.  The  model  is 
largely  based  on  three  generations  of  strategic  weapons  to  be  used  in  a  strat¬ 
egic  conflict.  In  general,  the  model  uses  data  based  on  current,  projected, 
and  future  technological  developments  In  the  area  of  strategic  penetrators  and 
uses  this  data  to  measure  the  synergistic  effects  of  various  combined  manned/ 


DD  1473  EDITION  OF  1  NOV  65  IS  OBSOLETE 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PACE  (Whan  Data  Enlar.d! 


UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THU  PAOC(WT>«n  Dm<m  Enl.r.dj 


unmanned  penetrator  strike  forces  in  terms  of  survivability  and  the 
ability  to  inflict  the  required  level  of  damage  to  the  enemy  target 
base.  The  model,  called  DILUTE,  is  written  in  SLAM,  using  extensive 
FORTRAN  inserts  and  is  designed  to  allow  for  considerable  flexibility 
and  user  control. 

The  experimental  design  uses  a  full  factorial  design  with  three 
factors:  radar  cross  section,  speed,  and  force  mix.  These  factors 
are  analyzed  for  significant  effects  on  the  value  average  probability 
of  damage.  In  using  an  analysis  of  variance  the  three  factors  were 
found  to  be  significant. 

The  results  of  the  study  indicated  that  significant  differences 
do  exist  between  force  mix  combinations  of  ALCM  and  manned  penetra- 
tors,  however  the  results  are  highly  dependent  upon  the  factors  of 
radar  cross  section  and  speed.  Bomber  survivability  against  periph¬ 
eral  defenses  of  surface  to  air  missile  threats  can  be  significantly 
enhanced  if  the  bombers  are  used  in  concert  with  cruise  missiles  due  ] 
to  the  defense  dilution  aspect  of  the  ALCM.  The  same  effect  was  ] 
determined  in  the  airborne  interceptor  threat,  as  long  as  the  air¬ 
borne  interceptor  had  a  reasonable  chance  of  detecting  the  ALCM. 
Enhancement  of  bomber  survivability  by  ALCM  dilution  at  the  terminal 
surface  to  air  missile  threat  was  determined  not  to  be  statistically 
significant  at  the  1%  level.  Additionally,  it  was  realized  that  pure 
forces  dominate  mixed  forces;  the  dominant  characteristics  being 
electronic  countermeasures  for  the  bomber  and  saturation  for  the 
ALCM.  Finally,  the  decisions  on  force  mix  are  heavily  dependent 
upon  radar  cross  section  and  speed  improvements,  with  the  manned 
penetrator  being  a  much  more  effective  weapon  system  than  the  ALCM 
when  technological  Improvements  in  speed  and  radar  cross  section  are 
empl oyed . 
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